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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film 
magnetic head capable of dealing with trends toward the 
higher recording density and the higher frequency by 
forming a core layer utilizing at least two layers of a soft 
magnetic layer and a high specific resistance layer 
laminated on the soft magnetic layer on the lower 
and/or upper surface side of the core layer and forming 
a high specific resistance layer utilizing a magnetic 
material having higher specific resistance than the 
material utilized for the purpose of forming the soft 
magnetic layer. 

SOLUTION: An upper core layer 42 consists of a high 
specific resistance layer 40 formed on the upper surface 
of a soft magnetic layer 22. The specific resistance of 
the high specific resistance layer 40 is set to be higher 
than of the soft magnetic layer 22. The high specific 
resistance layer 40 is provided with a protective film 41 
thereon so that the surface of the high specific 
resistance layer 40 is covered by the protective film 41. 

An eddy-current loss generated due to increase of a recording frequency can be reduced by 
providing the high specific resistance layer 40 on the soft magnetic layer 22 in such a manner. 
As the eddy-current loss can be suitably reduced, OW characteristics and NLTS characteristics 
can be improved and this thin film magnetic head can deal with a trend toward the higher 
recording frequency. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lower core layer and up core layer which meet through other magnetic pole layers 
which met through the gap layer or were joined to a gap layer and this gap layer. The coil layer 
which gives a record magnetic field to both the aforementioned core layer. It is the thin film 
magnetic head equipped with the above, and one [ at least ] aforementioned core layer is 
characterized by the thing with the high specific resistance layer by which the laminating was 
carried out to the aforementioned soft-magnetism layer by the undersurface [ of a soft- 
magnetism layer and the aforementioned core layer ], and/or upper surface side for which it is 
formed by two-layer at least and the aforementioned quantity specific resistance layer is 
formed by the magnetic material of high specific resistance rather than the aforementioned soft- 
magnetism layer. 

[Claim 2] The aforementioned quantity specific resistance layer is the thin film magnetic head 
according to claim 1 by which it is prepared in the upper surface side of an up core layer, and 
the aforementioned quantity specific resistance layer top is covered by the protective coat. 
[Claim 3] The aforementioned protective coat is the thin film magnetic head according to claim 2 
formed with a NiFe alloy, nickel, and a nickel-P alloy. 

[Claim 4] For the aforementioned quantity specific resistance layer which is formed in the 
undersurface of the aforementioned up core layer, and/or the upper surface of the 
aforementioned lower core layer, and was formed in the aforementioned up core layer and/ or the 
aforementioned lower core layer, the aforementioned quantity specific resistance layer is the 
thin film magnetic head according to claim 1 currently formed in the aforementioned gap layer at 
the portion except the other magnetic-path formation field. 

[Claim 5] The magnetic layer besides the above formed between the aforementioned up core 
layer and/or a lower core layer, and the aforementioned gap layer is the thin film magnetic head 
according to claim 1 to 4 which is the high Bs layer which has the saturation magnetic flux 
density Bs higher than the aforementioned soft-magnetism layer which forms the 
aforementioned core layer. 

[Claim 6] The thin film magnetic head according to claim 5 by which the slot which an insulating 
layer is formed, and opens an interval in the direction of the width of recording track at this 
insulating layer, and is prolonged in the height direction from an opposed face with a record 
medium is formed on the aforementioned lower core layer, and the aforementioned quantity Bs 
layer and the aforementioned gap layer are formed at least in this slot. 

[Claim 7] The aforementioned soft-magnetism layer which forms the aforementioned core layer 
is the thin film magnetic head according to claim 1 to 6 which has the saturation magnetic flux 
density Bs higher than the aforementioned quantity specific resistance layer. 
[Claim 8] The thin film magnetic head according to claim 7 with more [ at least in one side of an 
up core layer and a lower core layer, the aforementioned soft-magnetism layer and the 
aforementioned quantity specific resistance layer are formed by the magnetic material of the 
combination of the same element containing Fe, and ] amount of Fe(s) of the aforementioned 
soft-magnetism layer in the aforementioned quantity specific resistance layer than the amount 
of Fe(s). 
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[Claim 9] The thin film magnetic head according to claim 5 or 6 with more [ the aforementioned 
soft-magnetism layer and the aforementioned quantity Bs layer are formed by the magnetic 
material of the combination of the same element containing Fe, and ] amount of Fe(s) of the 
aforementioned quantity Bs layer in the aforementioned soft-magnetism layer than the amount 
ofFe(s). 

[Claim 10] Among the aforementioned soft-magnetism layer which forms the aforementioned up 
core layer and/or a lower core layer, the aforementioned quantity specific resistance layer, and 
the aforementioned quantity Bs layer, at least one layer The thin film magnetic head according 
to claim 1 to 9 in which an empirical formula is shown by CoxFey, and the composition ratio x 
and y are 20<=X<=40, 60<=Y<=80 or 86<=x<=92, and 8<=y<=14 in atomic %, and are formed by 
the soft magnetic materials which fill the relation which it becomes x+y=1 00. 
[Claim 11] Among the aforementioned soft-magnetism layer which forms the aforementioned up 
core layer and/or a lower core layer, the aforementioned quantity specific resistance layer, and 
the aforementioned quantity Bs layer, at least one layer The thin film magnetic head according 
to claim 1 to 9 formed by the soft magnetic materials to which an empirical formula fe shown by 
CoxFeyNiz and the composition ratio x, and y and z fill with mass % 0.1<=x<=15, 38<-y<-60, 
40<=z<=62, and the relation it is unrelated x+y+z=100. 

[Claim 1 2] Among the aforementioned soft-magnetism layer which forms the aforementioned up 
core layer and/or a lower core layer, the aforementioned quantity specific resistance layer, and 
the aforementioned quantity Bs layer, at least one layer An empirical formula is CoxFeyNizXw 
(however, Element X). It is shown by at least one sort or two sorts or more of elements chosen 
from Mo, Cr, Pd, B, and In. the composition ratio x, and y, z and w by mass % 0.1<-x<-15, 
38<=y<=60, 40<=z<=62, 0.1<=w<=3, the thin film magnetic head according to claim 1 to 9 formed 
by the soft magnetic materials which fill the relation it is unrelated x+y+z+w=100. 
[Claim 13] The aforementioned soft magnetic materials are the thin film magnetic head according 
to claim 10 to 12 used at least for one side of the aforementioned soft-magnetism layer and the 
aforementioned quantity Bs layer. 

[Claim 14] At least one of the aforementioned soft-magnetism layer which forms the 
aforementioned up core layer and/or a lower core layer, the aforementioned quantity specific 
resistance layer, and the aforementioned quantity Bs layers is the thin film magnetic head 
according to claim 1 to 9 formed by the soft magnetic materials with which an empirical formula 
is shown by NiXFey, and the composition ratio x and y are atomic %s, and fill 10<-x<-70, 
30<=y<=90, and the relation it is unrelated x+y=1 00. 

[Claim 15] Among the aforementioned soft-magnetism layer which forms the aforementioned up 
core layer and/or a lower core layer, the aforementioned quantity specific resistance layer, and 
the aforementioned quantity Bs layer, at least one layer An empirical formula is FeaMbOc 
(however, Element M). It is shown by one sort or two sorts or more of elements chosen from Hf. 
Zr, Ti, V, Nb, Ta, Cr, Mo, and W. the composition ratios a, b, and c by atomic % 50<-a<-70, 
5<=b<=30, 10<=c<=30, the thin film magnetic head according to claim 1 to 9 formed by the soft 
magnetic materials which fill the relation it is unrelated a+b+c=100. 

[Claim 16] The aforementioned soft magnetic materials are the thin film magnetic head according 

to claim 1 4 or 1 5 used for the aforementioned quantity specific resistance layer. 

[Claim 17] It is the thin film magnetic head according to claim 1 to 9 which the aforementioned 

quantity specific resistance layer contains nickel, Fe, and N at least as a composition element, 

and is formed by the soft magnetic materials whose composition ratio of Fe the diameter of 

average crystal grain is 80A or less, and is moreover more than 30 mass % further. 

[Claim 18] It is the thin film magnetic head according to claim 16 whose (Ra) is 120A or less in 

the center line average coarseness of the film surface of the aforementioned soft magnetic 

materials. 

[Claim 19] The aforementioned quantity specific resistance layer is the thin film magnetic head 
according to claim 1 to 9 formed by the soft magnetic materials with which an empirical formula 
is shown by NixFeyNbz, and the composition ratio x, and y and z are atomic %s, and moreover fill 
76<= x <=84, 8<=y<=1 5, 5<=z<=1 2, and the relation it is unrelated x+y+z=1 00. 
[Claim 20] The aforementioned quantity specific resistance layer is the thin film magnetic head 
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according to claim 1 to 9 formed by NiFeP or FeNiPN. 

[Claim 21] The aforementioned soft-magnetism layer or the aforementioned quantity Bs layer 
which forms an up core layer and/or a lower core layer is the thin film magnetic head according 
to claim 1 to 7 formed by the soft magnetic materials with which an empirical formula is shown 
by CoxZryNbz, and the composition ratio x, and y and z are atomic %s, and fill 1.5<=y<=13, 
6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is unrelated x+y+z=100. 

[Claim 22] The aforementioned soft-magnetism layer or the aforementioned quantity Bs layer 
which forms an up core layer and/or a lower core layer is the thin film magnetic head according 
to claim 1 to 7 formed by the soft magnetic materials with which an empirical formula is shown 
by CoxHfyNbz, and the composition ratio x f and y and z are atomic %s, and fill 1.5<=y<=13, 
6.5<=z<=15, 1 <=(y/z) <=2.5 t and the relation it is unrelated x+y+z=100. 

[Claim 23] The aforementioned soft-magnetism layer or the aforementioned quantity Bs layer 
which forms an up core layer and/or a lower core layer is the thin film magnetic head according 
to claim 1 to 9 formed by the soft magnetic materials shown below. Fe of a principal component 
and one sort or two sorts or more of elements M and C chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, 
and W are contained, as film composition Have the crystal phase which makes Fe a principal 
component, and the crystal phase of the carbide of Element M, and the diameter of average 
crystal grain consists of fine crystals 40nm or less as the whole. Furthermore, when the diameter 
of average crystal grain of the crystal phase which makes the diameter of average crystal grain 
of the carbide of Element M to d, and makes Fe a principal component is set to D The ratio 
(d/D) is 0.05 <=d/D<=0.4, an empirical formula is shown by FexMyCz, and the composition ratio 
x, and y and z are atomic %s, and it fills 50<=x<=96, 2<=y<=30, 0.5<=z<=25, and the relation it is 
unrelated x+y+z=100. 

[Claim 24] The aforementioned soft-magnetism layer or the aforementioned quantity Bs layer 
which forms an up core layer and/or a lower core layer is the thin film magnetic head according 
to claim 1 to 7 formed by the soft magnetic materials shown below. The elements T and Si of Fe 
of a principal component, and/or Co, and/or the element X of aluminum One sort or two sorts or 
more of elements M chosen from Ti, Zr, Hf, V, Ta, Mo, and W One sort or two sorts or more of 
elements Q chosen from the element Z of C and/or N, and Cr, Re, Rh, nickel, Pd, Pt and Au are 
contained, as film composition It has the crystal phase which makes Fe and/or Co a principal 
component, and the crystal phase of the carbide of Element M, and/or a nitride. As the whole, 
the diameter of average crystal grain consists of fine crystals 40nm or less, further When the 
diameter of average crystal grain of the crystal phase which makes d, Fe, and/ or Co a principal 
component for the diameter of average crystal grain of the carbide of Element M and/or a nitride 
is set to D The ratio (d/D) is 0.05 <=d/D<=0.4, an empirical formula is shown by TaXbMcZdQe, 
and the composition ratios a, b, c, d, and e are atomic %s, and it fills 0<=b<=25, 1<=c<=10, 
5<=d<=15, 0<=e<=10, and the relation it is unrelated a+b+c+d+e=100. 

[Claim 25] The aforementioned soft-magnetism layer or the aforementioned quantity Bs layer 
which forms an up core layer and/or a lower core layer is the thin film magnetic head according 
to claim 1 to 7 formed by the soft magnetic materials shown below. The element T of Fe of a 
principal component, and/or Co, Si and aluminum, and one sort or two sorts or more of elements 
M chosen from Zr, Hf, Nb. and Ta One sort or two sorts or more of elements Q chosen from the 
element Z of C and/or N, and Cr, Ti, Mo, W, V, Re, Ru, Rh, nickel, Pd, Pt and Au are contained, 
as film composition To the microcrystal phase from which the diameter of average crystal grain 
of the body centered cubic structure made into a principal component is set to 40nm or less, at 
least Element T Si or aluminum, Element Q dissolves, it has the crystal phase of the carbide of 
the element M with which the grain boundary of the aforementioned fine crystal phase deposited 
further, and/or a nitride, an empirical formula is shown by TaSibAlcMdZeQf, and the composition 
ratios a, b, c, d, e, and f are atomic %s. 8<=b<=15, 0<=c<=10, 1<=d<=10, 1<=e<=10, 0<=f<=15, and 
the relation it is unrelated a+b+c+d+e+f=100 are filled. 

[Claim 26] It is the thin film magnetic head according to claim 1 to 9 which, as for the 
aforementioned soft-magnetism layer or the aforementioned quantity Bs layer which forms an up 
core layer and/or a lower core layer, an empirical formula is shown by nickel 1-XFeX, and the 
diameter of average crystal grain is 105A or less, and is formed by the soft magnetic materials 
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whose composition ratio X of Fe is within the limits of 60 mass % to 90 mass %. 

[Claim 27] It is the thin film magnetic head according to claim 26 whose (Ra) is 25A or less in 

the center line average coarseness of the film surface of the aforementioned soft-magnetism 

film. 

[Claim 28] The lower core layer and up core layer which meet through other magnetic pole 
layers which met through the gap layer or were joined to a gap layer and this gap layer. The coil 
layer which gives a record magnetic field to both the aforementioned core layer. In case one [ at 
least ] aforementioned core layer is formed, while it is the manufacture method of the thin film 
magnetic head equipped with the above, and forming a soft-magnetism layer The laminating of 
the high specific resistance layer with specific resistance higher than the aforementioned soft- 
magnetism layer is carried out to an inferior-surface-of-tongue [ of the aforementioned soft- 
magnetism layer ], and/or upper surface side. At this time It is characterized by adding an amino 
** organic material and forming the aforementioned quantity specific resistance layer during the 
plating bath which has Fe ion and nickel ion, by depositing the soft magnetic materials which 
contained Fe, nickel, and N at least in the composition element. 

[Claim 29] The manufacture method of the thin film magnetic head according to claim 28 which 
keeps pH under aforementioned plating bath or less at 1 .8. 

[Claim 30] The manufacture method of the thin film magnetic head according to claim 28 or 29 
which chooses one sort or two sorts or more from ethylenediamine (EDA), a diethylenetriamine 
(DETA), a triethylenetetramine (TETA), an alanine (Ala), or glutamic acid (Glu) as the 
aforementioned amino ** organic material. 

[Claim 31] The manufacture method of the thin film magnetic head according to claim 28 to 30 
which forms the aforementioned soft-magnetism layer of one [ at least ] core layer by the 
nickel-Fe alloy film, and forms the aforementioned nickel-Fe alloy film by the electroplating 
method using the pulse current at this time. 

[Claim 32] The manufacture method of the thin film magnetic head according to claim 31 which 
makes the diameter of crystal grain of the aforementioned alloy film 105A or less, and moreover 
forms the composition ratio X of Fe by 60 mass % to 90 mass %. 

[Claim 33] The manufacture method of the thin film magnetic head according to claim 32 which 
forms (Ra) by 25A or less in the center line average coarseness of the film surface of the 
aforementioned alloy film. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film magnetic 
head carried in a hard disk drive unit etc., and relates to the future thin film magnetic head which 
can respond to a raise in recording density, and quantity record frequency-ization and its future 
manufacture method. 
[0002] 

[Description of the Prior Art] Drawing 9 is the expanded sectional view having shown the 

conventional thin film magnetic head from the opposite side of a record medium. 

[0003] This thin film magnetic head is an inductive head for writing, it reads to the illustration 

down side of this inductive head, and the MR head of business may be formed. 

[0004] The sign 1 shown in drawing 9 is the lower core layer formed by the existing magnetic 

materials, such as a permalloy (registered trademark). As shown in drawing 9 , on the 

aforementioned lower core layer 1 , the insulating layer 3 which the gap layer 2 by the alumina 

etc. was formed and was further formed of a polyimide or resist material on the aforementioned 

gap layer 2 is formed. 

[0005] On the aforementioned insulating layer 3, the coil layer 4 by which pattern formation was 
carried out so that it might become spiral is formed. The aforementioned coil layer 4 is formed 
by the nonmagnetic electrical conducting material with small electric resistance, such as Cu 
(copper). And the aforementioned coil layer 4 is covered by the insulating layer 5 formed with a 
polyimide or resist material, and plating formation of the up core layer 6 formed by magnetic 
materials, such as a permalloy, on the aforementioned insulating layer 5 is carried out. 
[0006] As shown in drawing 9 , as for the aforementioned up core layer 6, the magnetic gap of 
the magnetic-gap length GI1 to whom the point 6a counters through the aforementioned gap 
layer 2 on the lower core layer 1 by the opposed face (ABS side) of a record medium, and gives 
a record magnetic field to a record medium is formed. Moreover, end face section 6b of the 
aforementioned up core layer 6 is magnetically connected to the lower core layer 1 . 
[0007] In the inductive head shown in drawing 9 , a record magnetic field is given to the up core 
layer 6 and the lower core layer 1 from the aforementioned coil layer 4 by the record current 
which flows in the coil layer 4. And a magnetic signal is recorded on record media, such as a hard 
disk, by the leak magnetic field between the lower core layers 1 and the up core layers 6 in the 
portion of a magnetic gap. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, there is the need of raising the 
saturation magnetic flux density Bs and specific resistance rho of the up core layer 6 especially, 
with future raise in recording density and formation of quantity record frequency. 
[0009] Although it was magnetic properties required in order for specific resistance rho to 
reduce the eddy current loss in a high-frequency band, when a NiFe alloy was used for the 
aforementioned up core layer 6, the aforementioned specific resistance rho usually had only 
50micro ohm-cm grade. 

[0010] For this reason, in the conventional thin film magnetic head, an eddy current loss was not 
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fully able to be suppressed in the high frequency band. 

[0011] Moreover, the high saturation magnetic flux density Bs is magnetic properties required in 
order to raise recording density. 

[0012] However, if the up core layer 6 is formed by the magnetic material which has the high 
saturation magnetic flux density Bs which can respond to a raise in recording density, and 
quantity record frequency-ization, specific resistance rho will fall further and will become 
suppression of an eddy current loss with the composition going back. 

[0013] On the contrary, when forming the up core layer 6 by the magnetic material which has 
the high specific resistance rho, saturation magnetic flux density Bs had to be made to some 
extent into the sacrifice. 

[0014] Moreover, in the former, the thin film magnetic head of the following structures was also 
invented paying attention to saturation magnetic flux density Bs. 

[0015] That is, the up core layer 6 shown in draw ing 9 is made into two-layer structure, and the 
attempt which is going to arrange the high Bs film which has the high saturation magnetic flux 
density Bs in the layer of the side which counters the gap layer 2, is going to arrange in it the 
permalloy film (nickel-Fe alloy film) currently used for the layer of another side from the former, 
and is going to correspond to it at high recording density-ization is made. In addition, the lower 
core layer 1 is formed by the monolayer of a permalloy film. 

[0016] Also in point 6a of the up core layer 6, since it generates from the portion near especially 
the gap layer 2, if a high Bs film is arranged, the record magnetic field generated towards the 
lower core layer 1 from point 6a of the up core layer 6 can generate a magnetic field intensively 
near the gap in the side which counters the gap layer 2, and is considered [ that it can respond 
to future high recording density-ization, and ] at it. 

[0017] however, with the above-mentioned composition which arranged the high Bs film in the 
layer of the side which makes the up core layer 6 two-layer structure, and counters the gap 
layer 2 If it compares when the aforementioned up core layer 6 is formed by the monolayer of a 
permalloy film Even if it is the above-mentioned composition of what can raise a recording 
characteristic, the record magnetic field generated between the aforementioned quantity Bs film 
and a lower core layer By being influenced of the magnetic field from a record medium, to a 
grade effective in a raise in future recording density It was thought that a strong record 
magnetic field could not be centralized near the gap, and it was checked by the experiment 
which it mentions later that many properties, such as OW (over-writing) property and a NLTS 
property, cannot be raised more effectively. 

[0018] Here, the core layer 1 indicated to be NLTS to drawing 9 and the record magnetic field 
generated in the magnetic gap between six are the things of the phase lead lag network which is 
influenced of the record magnetic field emitted towards a head end from the magnetic-recording 
signal recorded on the record medium immediately before, and produces and causes a nonlinear 
distortion. 

[0019] Moreover, it is the thing of overwrite in OW (over-writing), and whether it fell however 
from the output of the record signal in the aforementioned low frequency before recording by 
low frequency first, carrying out overwrite by the RF further and the after heat power of the 
record signal in low frequency carrying out overwrite by the RF in the state estimates OW 
property. 

[0020] Furthermore, the up core layer 6 can be made into two-layer structure, and the eddy 
current loss generated when record frequency rises cannot be effectively reduced with the 
above-mentioned composition which arranged the high Bs film in the layer of the side which only 
counters the gap layer 2. 

[0021] this invention is for solving the above-mentioned conventional technical problem, and 
especially, the structure of an up core layer and a lower core layer and the magnetic material 
used as a core layer are improved, and it aims at offering the thin film magnetic head which can 
respond to a raise in recording density, and high-frequency-ization, and its manufacture method. 
[0022] 

[Means for Solving the Problem] The lower core layer and up core layer which meet through 
other magnetic pole layers which this invention met through the gap layer, or were joined to a 
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gap layer and this gap layer, In the thin film magnetic head which has the coil layer which gives a 
record magnetic field to both the aforementioned core layer one [ at least ] aforementioned core 
layer It is characterized by the thing of a soft-magnetism layer and the high specific resistance 
layer by which the laminating was carried out to the aforementioned soft-magnetism layer by the 
inferior—surface-of-tongue [ of the aforementioned core layer ], and/or upper surface side for 
which it is formed by two-layer at least, and the aforementioned quantity specific resistance 
layer is formed by the magnetic material of high specific resistance rather than the 
aforementioned soft-magnetism layer. 

[0023] By this invention, it has the soft-magnetism layer and the high specific resistance layer 
by which the laminating was carried out to the inferior-surface-ofHongue [ of the 
aforementioned core layer ], and/or upper surface side in one [ at least ] core layer as 
mentioned above. For this reason, the eddy current generated when record frequency rises can 
be reduced, and it becomes possible to manufacture the thin film magnetic head which can 
respond to future high record frequency-ization. 

[0024] In addition, the reason for forming a high specific resistance layer in the front face of a 
core layer is a shell which is easy to generate especially an eddy current near [ aforementioned ] 
a core layer front face by the skin effect as mentioned above. 

[0025] Moreover, it is desirable that the aforementioned quantity specific resistance layer is 
prepared in the upper surface side of an up core layer at this invention, and the aforementioned 
quantity specific resistance layer top is covered by the protective coat. The protective coat is 
prepared in the front face of the aforementioned quantity specific resistance layer that the 
reason for a wrap tends to break the aforementioned quantity specific resistance layer since the 
aforementioned quantity specific resistance layer is usually formed with the weak quality of the 
material, and the crack of the aforementioned quantity specific resistance layer etc. should be 
prevented by the protective coat for this reason. 

[0026] In addition, as for the aforementioned protective coat, it is desirable to be formed with a 
NiFe alloy, nickel, and a NiP alloy. 

[0027] Moreover, as for the aforementioned quantity specific resistance layer which the 
aforementioned quantity specific resistance layer is formed in the inferior surface of tongue of 
the aforementioned up core layer, and/or the upper surface of the aforementioned lower core 
layer in this invention, and was formed in the aforementioned up core layer and/or the 
aforementioned lower core layer, it is desirable to be formed in the aforementioned gap layer at 
the portion except the other magnetic-path formation field. 

[0028] If the aforementioned quantity resistive layer is formed even in the aforementioned 
magnetic-path formation field, the record magnetic field generated near the gap will be 
sacrificed. In addition, when the aforementioned quantity specific resistance layer is formed in 
the upper surface of an up core layer, or the inferior surface of tongue of a lower core layer, 
there are no above limits. 

[0029] Moreover, as for the magnetic layer besides the above formed in this invention between 
the aforementioned up core layer and/or a lower core layer, and the aforementioned gap layer, it 
is desirable that it is the high Bs layer which has the saturation magnetic flux density Bs higher 
than the aforementioned soft-magnetism layer which forms the aforementioned core layer. 
[0030] according to this gestalt, a strong record magnetic field is generated near the gap — it 
can make — record — resolution can improve and can manufacture the thin film magnetic head 
which can respond to future high recording density-ization 

[0031] Moreover, in the above-mentioned composition, it is desirable that the slot which an 
insulating layer is formed, and opens an interval in the direction of the width of recording track at 
this insulating layer, and is prolonged in the height direction from an opposed face with a record 
medium is formed on the aforementioned lower core layer, and the aforementioned quantity Bs 
layer and the aforementioned gap layer are formed at least in this slot. 
[0032] If the thin film magnetic head formed with the above-mentioned composition is the 
structure where it can respond to ** truck-ization and it is the above-mentioned structure, it 
will become possible to form preferably 1 .0 micrometers or less of width of recording track by 0.7 
micrometers or less. And it is possible to be able to centralize a record magnetic field near the 
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gap more, and to attain high recording density-ization by a high Bs layer being formed in 
aforementioned Mizouchi. 

[0033] Moreover, as for the aforementioned soft-magnetism layer which forms the 
aforementioned core layer in this invention, it is desirable to have the saturation magnetic flux 
density Bs higher than the aforementioned quantity specific resistance layer. Thereby, a record 
magnetic field can be centralized near the gap and the thin film magnetic head which can 
respond to future high recording density-ization can be manufactured. 

[0034] Moreover, it is formed at the magnetic material of the combination of the same element 
with which the aforementioned soft-magnetism layer and the aforementioned quantity specific 
resistance layer contain Fe at this invention at least by one side of an up core layer and a lower 
core layer, and it is desirable that there are more amounts of Fe(s) of the aforementioned soft- 
magnetism layer than the amount of Fe(s) of the aforementioned quantity specific resistance 
layer. 

[0035] Moreover, in this invention, the aforementioned soft-magnetism layer and the 
aforementioned quantity Bs layer are formed by the magnetic material of the combination of the 
same element containing Fe, and it is desirable that there are more amounts of Fe(s) of the 
aforementioned quantity Bs layer than the amount of Fe(s) of the aforementioned soft- 
magnetism layer. 

[0036] Thus, if the amount of Fe(s) is made [ many ], saturation magnetic flux density Bs can be 
raised. In this invention, among the aforementioned soft-magnetism layer which forms the 
aforementioned up core layer and/or a lower core layer, the aforementioned quantity specific 
resistance layer, and the aforementioned quantity Bs layer, or at least one layer It is desirable 
that an empirical formula is shown by CoxFey and the composition ratio x and y are formed by 
the soft magnetic materials which fill the relation which it is 20<=X<=40, 60<=Y<=80 or 
86<=x<=92, and 8<=y<=14 in atomic %, and becomes x+y=100. 

[0037] Or as for at least one of the aforementioned soft-magnetism layer which forms the 
aforementioned up core layer and/or a lower core layer in this invention, the aforementioned 
quantity specific resistance layer, and the aforementioned quantity Bs layers, it is desirable to be 
formed at the soft magnetic materials with which an empirical formula is shown by CoxFeyNiz, 
and the composition ratio x, and y and z are mass %s, and fill 0.1<=x<=1 5, 38<=y<=60, 40<=z<=62, 
and the relation it is unrelated x+y+z=100. 

[0038] Furthermore by this invention, among the aforementioned soft-magnetism layer which 
forms the aforementioned up core layer and/or a lower core layer, the aforementioned quantity 
specific resistance layer, and the aforementioned quantity Bs layer, at least one layer An 
empirical formula is CoxFeyNizXw (however, Element X). It is shown by at least one sort or two 
sorts or more of elements chosen from Mo, Cr, Pd, B, and In. the composition ratio x, and y, z 
and w by mass % It is desirable to be formed by the soft magnetic materials which fill 0.1<=x<=15, 
38<=y<=60, 40<=z<=62, 0.1<=w<=3, and the relation it is unrelated x+y+z+w=100. 
[0039] In addition, as for the above-mentioned soft magnetic materials, it is desirable to be used 
at least for one side of the aforementioned soft-magnetism layer and a high Bs layer. 
[0040] Or as for at least one of the aforementioned soft-magnetism layer which forms the 
aforementioned up core layer and/or a lower core layer in this invention, the aforementioned 
quantity specific resistance layer, and the aforementioned quantity Bs layers, it is desirable to be 
formed at the soft magnetic materials with which an empirical formula is shown by NiXFey, and 
the composition ratio x and y are atomic %s, and fill 10<=x<=70, 30<=y<=90, and the relation it is 
unrelated x+y=100. 

[0041] In this invention, among the aforementioned soft-magnetism layer which forms the 
aforementioned up core layer and/or a lower core layer, the aforementioned quantity specific 
resistance layer, and the aforementioned quantity Bs layer, or at least one layer An empirical 
formula is FeaMbOc (however, Element M). It is shown by one sort or two sorts or more of 
elements chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, and W. the composition ratios a, b, and c by 
atomic % It is desirable to be formed by the soft magnetic materials which fill 50<=a<=70, 
5<=b<=30, 10<=c<=30, and the relation it is unrelated a+b+c=100. 

[0042] In addition, as for the above-mentioned soft magnetic materials, being used for a high 
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specific resistance layer is desirable. Or it is desirable to be formed in this invention by the soft 
magnetic materials whose composition ratio of Fe the aforementioned quantity specific 
resistance layer contains nickel, Fe, and N at least as a composition element, the diameter of 
average crystal grain is moreover 80A or less, and is more than 30 mass % further. In addition, it 
is desirable that (Ra) is 120A or less in this case in the center line average coarseness of the 
film surface of the aforementioned soft magnetic materials. 

[0043] Or as for the aforementioned quantity specific resistance layer, in this invention, it is 
desirable to be formed at the soft magnetic materials with which an empirical formula is shown 
by NixFeyNbz, and the composition ratio x, and y and z are atomic %s, and moreover fill 
76<=x<=84, 8<=y<=15, 5<=z<=12, and the relation it is unrelated x+y+z=100. 
[0044] As for the aforementioned quantity specific resistance layer, in this invention, being 
formed at NiFeP or FeNiPN is still more desirable. 

[0045] Moreover, as for the aforementioned soft-magnetism layer and high Bs layer which form 
the aforementioned up core layer and/or a lower core layer in this invention, it is desirable to be 
formed at the soft magnetic materials with which an empirical formula is shown by CoxZryNbz, 
and the composition ratio x, and y and z are atomic %s f and fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) 
<=2.5, and the relation it is unrelated x+y+z=100. 

[0046] Or as for the aforementioned soft-magnetism layer or the aforementioned quantity Bs 
layer which forms the aforementioned up core layer and/or a lower core layer in this invention, it 
is desirable to be formed at the soft magnetic materials with which an empirical formula is shown 
by CoxHfyNbz, and the composition ratio x, and y and z are atomic %s, and fill 1.5<=y<=13, 
6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is unrelated x+y+z=100. 

[0047] Or as for the aforementioned soft-magnetism layer or the aforementioned quantity Bs 
layer which forms the aforementioned up core layer and/or a lower core layer in this invention, it 
is desirable to be formed at the soft magnetic materials shown below. 

[0048] Fe of a principal component and one sort or two sorts or more of elements M and C 
chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, and W are contained, as film composition Have the 
crystal phase which makes Fe a principal component, and the crystal phase of the carbide of 
Element M, and the diameter of average crystal grain consists of fine crystals 40nm or less as 
the whole. Furthermore, when the diameter of average crystal grain of the crystal phase which 
makes the diameter of average crystal grain of the carbide of Element M to d, and makes Fe a 
principal component is set to D The ratio (d/D) is 0.05 <=d/D<=0.4, an empirical formula is 
shown by FexMyCz, and the composition ratio x, and y and z are atomic %s, and it fills 
50<= x <=96, 2<=y<=30, 0.5<=z<=25, and the relation it is unrelated x+y+z=100. 
[0049] Or as for the aforementioned soft-magnetism layer or the aforementioned quantity Bs 
layer which forms the aforementioned up core layer and/or a lower core layer in this invention, it 
is desirable to be formed at the soft magnetic materials shown below. 

[0050] The elements T and Si of Fe of a principal component, and/or Co, and/or the element X 
of aluminum One sort or two sorts or more of elements M chosen from Ti, Zr, Hf, V, Ta, Mo, and 
W One sort or two sorts or more of elements Q chosen from the element Z of C and/ or N, and 
Cr, Re, Rh, nickel, Pd, Pt and Au are contained, as film composition It has the crystal phase 
which makes Fe and/or Co a principal component, and the crystal phase of the carbide of 
Element M, and/or a nitride. As the whole, the diameter of average crystal grain consists of fine 
crystals 40nm or less, further When the diameter of average crystal grain of the crystal phase 
which makes d, Fe, and/or Co a principal component for the diameter of average crystal grain of 
the carbide of Element M and/or a nitride is set to D The ratio (d/D) is 0.05 <=d/D<=0.4, an 
empirical formula is shown by TaXbMcZdQe, and the composition ratios a, b, c, d, and e are 
atomic %s, and it fills 0<=b<=25, 1<=c<=10, 5<=d<=15, 0<=e<=10, and the relation it is unrelated 
a+b+c+d+e=1 00. 

[0051] Or as for the aforementioned soft-magnetism layer or the aforementioned quantity Bs 
layer which forms the aforementioned up core layer and/or a lower core layer in this invention, it 
is desirable to be formed at the soft magnetic materials shown below. 

[0052] The element T of Fe of a principal component, and/or Co, Si and aluminum, and one sort 
or two sorts or more of elements M chosen from Zr, Hf, Nb, and Ta One sort or two sorts or 
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more of elements Q chosen from the element Z of C and/or N, and Cr, Ti, Mo, W, V, Re, Ru, Rh, 
nickel, Pd, Pt and Au are contained, as film composition To the microcrystal phase from which 
the diameter of average crystal grain of the body centered cubic structure made into a principal 
component is set to 40nm or less, at least Element T Si or aluminum, Element Q dissolves, it has 
the crystal phase of the carbide of the element M with which the grain boundary of the 
aforementioned fine crystal phase deposited further, and/or a nitride, an empirical formula is 
shown by TaSibAlcMdZeQf, and the composition ratios a, b, c, d, e, and f are atomic %s. 
8<=b<=15, 0<=c<=10, 1<=d<=10, 1<=e<=10, 0<=f<=15, and the relation it is unrelated 
a+b+c+d+e+f=100 are filled. 

[0053] As for the aforementioned soft-magnetism layer or high Bs layer which forms the 
aforementioned up core layer and/or a lower core layer in this invention, an empirical formula is 
shown by nickeM-XFeX, the diameter of average crystal grain is 105A or less, and, as for the 
composition ratio X of Fe, it is still more desirable to be formed at the soft magnetic materials 
which are within the limits of 60 mass % to 90 mass %. In addition, it is desirable that (Ra) is 25A 
or less in this case in the center line average coarseness of the film surface of the 
aforementioned soft-magnetism film. 

[0054] Moreover, the lower core layer and up core layer which meet through other magnetic pole 
layers which this invention met through the gap layer, or were joined to a gap layer and this gap 
layer, In case one [ at least ] aforementioned core layer is formed, while forming a soft- 
magnetism layer in the manufacture method of the thin film magnetic head of having the coil 
layer which gives a record magnetic field to both the aforementioned core layer The laminating 
of the high specific resistance layer with specific resistance higher than the aforementioned 
soft-magnetism layer is carried out to an inferior-surface-of-tongue [ of the aforementioned 
soft-magnetism layer ], and/or upper surface side. At this time It is characterized by adding an 
amino ** organic material and forming the aforementioned quantity specific resistance layer 
during the plating bath which has Fe ion and nickel ion, by depositing the soft magnetic materials 
which contained Fe, nickel, and N at least in the composition element. 
[0055] In this invention, as the third element as a composition element of soft magnetic 
materials by adding N (nitrogen) which is a nonmetallic element in addition to Fe which bears 
magnetism, and nickel Also in future high-frequency-izing, the thin film magnetic head which can 
reduce an eddy current loss can be manufactured by being able to raise the specific resistance 
rho of the aforementioned soft magnetic materials, and using such aforementioned soft magnetic 
materials as a high specific resistance layer. 

[0056] Moreover, it is desirable to keep pH under aforementioned plating bath or less at 1 .8 in 
this invention. In addition, it is desirable to choose one sort or two sorts or more from 
ethylenediamine (EDA), a diethylenetriamine (DETA), a triethylenetetramine (TETA), an alanine 
(Ala), or glutamic acid (Glu) as the aforementioned amino ** organic material in this invention. 
[0057] Moreover, it is desirable to form the aforementioned soft-magnetism layer of one [ at 
least ] core layer by the nickel-Fe alloy film, and to form the aforementioned nickel-Fe alloy film 
by the electroplating method using the pulse current in this invention, at this time. 
[0058] As mentioned above, by the electroplating method using the pulse current, if plating 
formation of the nickel-Fe alloy is carried out, the saturation magnetic flux density Bs of the 
aforementioned nickel-Fe alloy can be raised. And in this invention, the thin film magnetic head 
which can respond to future high recording density-ization can be manufactured by using the 
aforementioned high nickel-Fe alloy of saturation magnetic flux density Bs as a soft-magnetism 
layer. 

[0059] Moreover, it is desirable to make the diameter of crystal grain of the aforementioned alloy 
film into 105A or less, and to form the composition ratio X of Fe by 60 mass % to 90 mass % 
moreover in this invention, and it is desirable to form (Ra) by 25A or less in the center line 
average coarseness of the film surface of the aforementioned alloy film further. 
[0060] 

[Embodiments of the Invention] Drawing 1 is the expanded sectional view which shows the thin 
film magnetic head of the operation gestalt of this invention, and was shown from the opposite 
side of a record medium. 
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[0061] The thin film magnetic head shown in drawing 1 is the compound-die thin film magnetic 
head to which it was formed in the trailing side edge side of the slider which forms a surfacing 
formula head, and the laminating of MR head hi for reproduction and the inductive head h2 for 
record was carried out. In addition, the thin film magnetic head in this invention may consist of 
only inductive heads. 

[0062] The sign 1 1 shown in drawing 1 is a lower shield layer made from soft magnetic materials. 
As shown in drawing 1 , on the aforementioned lower shield layer 1 1 , the lower gap layer 1 2 
formed with non-magnetic materials, such as aluminum 203 (alumina), is formed. On the lower 
gap layer 1 2, the laminating of the magnetoresistance-effect element 1 3 is carried out. The 
aforementioned magnetoresistance-effect element 13 consists of GMR structures represented 
by the spin bulb film using the AMR structure or the huge magnetoresistance effect. 
Furthermore on the aforementioned magnetoresistance-effect element 13, the up gap layer 14 
by the alumina etc. is formed. 

[0063] As shown in drawing 1 , the lower core layer 15 is formed on the aforementioned up gap 
layer 14. The aforementioned lower core layer 15 is formed of soft magnetic materials. 
[0064] Moreover, in the thin film magnetic head of a compound die, the aforementioned lower 
core layer 1 5 not only functions as a core layer of an inductive head h2, but functions as an up 
shield layer of MR head hi like drawing 1 . 

[0065] As shown in drawing 1 , on the lower core layer 1 5, the gap layer 1 8 formed with non- 
magnetic materials, such as an alumina and Si02, is formed. Furthermore on the aforementioned 
gap layer 1 8, the coil layer 20 by which pattern formation was carried out so that it might 
become spiral superficially through the insulating layer 1 9 made from a polyimide or resist 
material is formed. In addition, the aforementioned coil layer 20 is formed with nonmagnetic 
conductivity material with small electric resistance, such as Cu (copper). 
[0066] Furthermore, the aforementioned coil layer 20 is surrounded by the insulating layer 21 
formed with a polyimide or resist material, and the up core layer 42 is formed on the 
aforementioned insulating layer 21. 

[0067] The aforementioned up core layer 42 is formed of the magnetic material. Moreover, as 
shown in drawing 1 , point 42a of the up core layer 42 has countered the lower core layer 1 5 
through the gap layer 18, and end face section 42b of the aforementioned up core layer 42 has 
connected with the lower core layer 1 5 magnetically further. 

[0068] As for the aforementioned up core layer 42, the high specific resistance layer 40 is 
formed in the upper surface of the soft-magnetism layer 22 in the example shown in drawing 1 . 
The specific resistance rho of the aforementioned quantity specific resistance layer 40 is higher 
than the specific resistance rho of the soft-magnetism layer 22. Thus, by forming the high 
specific resistance layer 40 on the soft-magnetism layer 22, the eddy current loss generated 
when record frequency rises can be reduced. And it becomes possible to be able to raise OW 
property and a NLTS property and to correspond to future high record frequency-ization by the 
ability of the aforementioned eddy current loss to be reduced appropriately. 
[0069] Moreover, as for the thickness h3 of the aforementioned quantity specific resistance 
layer 40, it is desirable that it is 1 micrometer or less. Moreover, as for the maximum thickness 
of the aforementioned quantity specific resistance layer 40, it is desirable that it is below the 
thickness of the up core layer 42. Moreover, as for the comprehensive thickness which added 
the thickness of the aforementioned quantity specific resistance layer 40 and the soft- 
magnetism layer 22, it is desirable that it is [ 1 .5 micrometer or more ] 5.0 micrometers or less. 
[0070] It is possible to only form at most 1 micrometer of high specific resistance layers 40 as 
mentioned above, and to aim at reduction of an eddy current loss effectively in this invention. 
Moreover, if comprehensive thickness of the high specific resistance layer 40 and the soft- 
magnetism layer 22 is carried out within the limits of the above and the aforementioned quantity 
specific resistance layer is then formed below in the half of comprehensive thickness, while it is 
possible to fully aim at reduction of an eddy current loss, it is possible to centralize a record 
magnetic field near the gap and to attain high recording density-ization.^ 
[0071] Moreover, as for the specific resistance rho of the aforementioned quantity specific 
resistance layer 40, in this invention, it is desirable that it is more than 60micro ohm-cm. In 
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addition, about a magnetic material usable as the aforementioned quantity specific resistance 
layer 40, it will mention later. 

[0072] Moreover, as shown in drawing 1 , a protective coat 41 is formed on the aforementioned 
quantity specific resistance layer 40, and, as for the front face of the aforementioned quantity 
specific resistance layer 40, it will be covered by the aforementioned protective coat 41. 
[0073] Thus, the reason for forming the aforementioned protective coat 41 is for the 
aforementioned quantity specific resistance layer 40 to have mechanical and thermal brittleness 
from composition of the quality of the material, and for a crack etc. to tend to go into the 
aforementioned quantity specific resistance layer 40 for this reason. It is possible to protect the 
aforementioned quantity specific resistance layer 40 from a crack etc. appropriately by covering 
the aforementioned quantity specific resistance layer 40 by the protective coat 41. In addition, a 
NiFe system alloy, nickel, NiP, etc. can be used for the aforementioned protective coat 41. 
[0074] Moreover, in this invention, the saturation magnetic flux density Bs of the aforementioned 
soft-magnetism layer 22 has a desirable high thing compared with the saturation magnetic flux 
density Bs of the aforementioned quantity specific resistance layer 40. 

[0075] Thus, it becomes easy to generate a record magnetic field between the up core layers 42 
and the lower core layers 15 in which the record magnetic field guided to the lower core layer 15 
and the up core layer 42 has [ rather than the high specific resistance layer 40 ] the high 
saturation magnetic flux density Bs in an opposed face (ABS side) with a record medium from 
the coil layer 20 by making high saturation magnetic flux density Bs of the soft-magnetism layer 
22. 

[0076] and the record magnetic field generated between the aforementioned up core layer 42 
and the lower core layer 1 5 since the aforementioned up core layer 42 and the lower core layer 
15 counter the gap layer 18 and are formed — a near gap — concentrating — record 
resolution can be raised and it becomes possible to correspond to future high recording density- 
ization 

[0077] In this example, the lower core layer 1 5 is formed by the monolayer. The aforementioned 
lower core layer 1 5 of worsening this shield function is not desirable in order to mainly act as a 
shield function of MR head hi, as mentioned above. For example, when the aforementioned lower 
core layer 15 is formed by the magnetic material which has the high specific resistance rho, the 
aforementioned shield function may fall. 

[0078] The aforementioned shield function is a function required in order to reduce the noise of 
the record signal reproduced with the magnetoresistance-effect element 13. And in order to 
raise the aforementioned shield function, the high permeability mu and the low magnetostriction 
constant lambda are needed. 

[0079] As required soft magnetic characteristics of the aforementioned lower core layer 1 5, from 
specific resistance rho, rather, since it is high permeability and a low magnetostriction constant, 
after raising these two soft magnetic characteristics, if specific resistance rho can be made high, 
it will not have exceeded to it. 

[0080] Next, the soft magnetic materials used as the lower core layer 1 5 in this invention and/ or 
an up core layer 42 are explained below. 

[0081] (1) When the soft-magnetism layer 22 and the high specific resistance layer 40 are first 
formed by the soft magnetic materials of the combination of the same element containing Fe, 
many things of the amount of Fe(s) of the aforementioned soft-magnetism layer 22 are more 
desirable than the amount of Fe(s) of the aforementioned quantity specific resistance layer 40. 
[0082] Thereby, it becomes possible to raise the saturation magnetic flux density Bs of the soft- 
magnetism layer 22 compared with the saturation magnetic flux density Bs of the high specific 
resistance layer 40. 

[0083] Moreover, when the high specific resistance layer 40 is formed also for the lower core 
layer 1 5 in the upper surface and/or the inferior surface of tongue of a soft-magnetism layer and 
the aforementioned soft-magnetism layer, many things of the amount of Fe(s) of the 
aforementioned soft-magnetism layer are more desirable than the amount of Fe(s) of the 
aforementioned quantity specific resistance layer 40. 

[0084] (2) An empirical formula is shown by CoxFey, moreover, the composition ratio x and y are 
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atomic %s, it is 20<=X<=40, 60<=Y<=80 or 86<=x<=92, and 8<=y<=14, and, as for at least one of 
the soft-magnetism layer which forms the up core layer 42 and/or the lower core layer 1 5, and 
the high specific resistance layers 40, it is desirable to be formed by the soft magnetic materials 
which fill the relation which it becomes x+y=100. 

[0085] It may be used as a high specific resistance layer 40 which these soft magnetic materials 
have saturation magnetic flux density Bs and specific resistance rho higher than a nickel-Fe-Nb 
alloy, therefore the aforementioned soft magnetic materials may be used as a soft-magnetism 
layer which forms the up core layer 42 and/or the lower core layer 1 5 which need the high 
saturation magnetic flux density Bs in order to realize high recording density-ization, or needs 
the specific resistance rho high for the formation of high record frequency. 

[0086] However, it is more more desirable to use the aforementioned soft magnetic materials in 
this invention as the aforementioned soft-magnetism layer which needs the high saturation 
magnetic flux density Bs. 

[0087] (3) As for at least one of the soft-magnetism layer which forms the up core layer 42 
and/or the lower core layer 1 5, and the high specific resistance layers 40, it is desirable to be 
formed by the soft magnetic materials with which an empirical formula is shown by CoxFeyNiz, 
and the composition ratio x, and y and z are mass %s, and moreover fill 0.1<=x<=15, 38<=y<=60, 
40<=z<=62, and the relation it is unrelated x+y+z=100. 

[0088] These soft magnetic materials have high saturation magnetic flux density Bs and high 
specific resistance rho compared with the nickel-Fe-Nb alloy or the Co-Fe alloy, therefore, the 
aforementioned soft magnetic materials It may be used as a high specific resistance layer 40 
which may be used as a soft-magnetism layer which forms the up core layer 42 and/ or the lower 
core layer 1 5 which need the high saturation magnetic flux density Bs in order to realize high 
recording density-ization, or needs the specific resistance rho high for the formation of high 
record frequency. 

[0089] However, it is more more desirable to use the aforementioned soft magnetic materials in 
this invention as a soft-magnetism layer which forms the up core layer 42 and/or the lower core 
layer 15 which need the high saturation magnetic flux density Bs. 

[0090] Among the soft-magnetism layer which forms the up core layer 42 and/or the lower core 
layer 15, and the high specific resistance layer 40, (4) At least one layer An empirical formula is 
CoxFeyNizXw (however, Element X). It is shown by at least one sort or two sorts or more of 
elements chosen from Mo, Cr, Pd, B, and In. moreover, the composition ratio x, and y, z and w by 
mass % It is desirable to be formed by the soft magnetic materials which fill 0.1<=x<=15, 
38<= y <=60, 40<=z<=62, 0.1<=w<=3, and the relation it is unrelated x+y+z+w=100. 
[0091] These soft magnetic materials have the high specific resistance rho compared with a Co- 
nickel alloy, and have the saturation magnetic flux density Bs equivalent to a Co-nickel-Fe alloy, 
therefore, the aforementioned soft magnetic materials It may be used as a high specific 
resistance layer 40 which may be used as a soft-magnetism layer which forms the up core layer 
42 and/or the lower core layer 15 which need the high saturation magnetic flux density Bs in 
order to realize high recording density-ization, or needs the specific resistance rho high for the 
formation of high record frequency. 

[0092] However, it is more more desirable to use the aforementioned soft magnetic materials in 
this invention as a soft-magnetism layer which forms the up core layer 42 and the /lower core 
layer 1 5 which need the high saturation magnetic flux density Bs. 

[0093] (5) As for at least one of the soft-magnetism layer which forms the up core layer 42 
and/or the lower core layer 1 5, and the high specific resistance layers 40, it is desirable to be 
formed by the soft magnetic materials with which an empirical formula is shown by NiXFey, and 
the composition ratio x and y are atomic %s, and moreover fill 10<=x<=70, 30<=y<=90, and the 
relation it is unrelated x+y=100. 

[0094] It is nickel80Fe20 alloy (0.95T of Bs= abbreviation) that it is above-mentioned 
composition within the limits. It has saturation magnetic flux density Bs (= about 1.3 T) and 
specific resistance rho (= about 50micro ohm-cm) higher than rho=about 20micro ohm-cm. 
therefore, the aforementioned soft magnetic materials It may be used as a high specific 
resistance layer 40 which may be used as a soft-magnetism layer which forms the up core layer 
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42 and/or the lower core layer 1 5 which need the high saturation magnetic flux density Bs in 
order to realize high recording density-ization, or needs the specific resistance rho high for the 
formation of high record frequency. 

[0095] However, it is more more desirable to use the aforementioned soft magnetic materials in 
this invention as a high specific resistance layer 40 which needs the high specific resistance rho. 

[0096] Among the soft-magnetism layer which forms the up core layer 42 and/or the lower core 
layer 15, and the high specific resistance layer 40, (6) At least one layer An empirical formula is 
FeaMbOc (however, Element M). It is shown by one sort or two sorts or more of elements 
chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, and W. moreover, the composition ratios a, b, and c by 
atomic % It is desirable to be formed by the soft magnetic materials which fill 50<=a<=70, 
5<=b<=30, 10<=c<=30, and the relation it is unrelated a+b+c=100. 

[0097] Since these soft magnetic materials have the very small crystal magnetic anisotropy, its 
coercive force He is small and they have good soft magnetic characteristics. Moreover, as for 
especially these soft magnetic materials, it is desirable that specific resistance rho is used as 
400 to 2x105micro ohm-cm and a high specific resistance layer 40 for which the high specific 
resistance rho is needed since it is very large. 

[0098] (7) As for the soft-magnetism layer which forms the up core layer 42 and/or the lower 
core layer 1 5, it is desirable to be formed by the soft magnetic materials with which an empirical 
formula is shown by CoxZryNbz, and the composition ratio x, and y and z are atomic %s, and 
moreover fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is unrelated x+y+z=100. 
[0099] These soft magnetic materials have high saturation magnetic flux density Bs, and since 
there is no crystal magnetic anisotropy, they have good soft magnetic characteristics. 
[0100] (8) As for the soft-magnetism layer which forms the up core layer 42 and/or the lower 
core layer 1 5, it is desirable to be formed by the soft magnetic materials with which an empirical 
formula is shown by CoxHfyNbz, and the composition ratio x, and y and z are atomic %s, and 
moreover fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is unrelated x+y+z=100. 
[0101] These soft magnetic materials have high saturation magnetic flux density Bs, and since 
there is no crystal magnetic anisotropy, they have good soft magnetic characteristics. 
[0102] (9) As for the soft-magnetism layer which forms the up core layer 42 and/or the lower 
core layer 1 5, it is desirable to be formed by the soft magnetic materials shown below. 
[0103] Fe of a principal component and one sort or two sorts or more of elements M and C 
chosen from Hf, Zr, Ti, V, Nb, Ta, Cr. Mo, and W are contained, as film composition Have the 
crystal phase which makes Fe a principal component, and the crystal phase of the carbide of 
Element M, and the diameter of average crystal grain consists of fine crystals 40nm or less as 
the whole. The diameter of average crystal grain of the crystal phase which makes the diameter 
of average crystal grain of the carbide of Element M to d, and makes Fe a principal component is 
set to D. furthermore, to a case The ratio (d/D) is 0.05 <=d/D<=0.4, an empirical formula is 
shown by FexMyCz, and the composition ratio x, and y and z are atomic %s, and it fills 
50<= x <=96, 2<=y<=30, 0.5<=z<=25, and the relation it is unrelated x+y+z=100. 
[0104] When the diameter of crystal grain of Fe basis alloy makes it detailed by deposit of the 
carbide of Elements M and C, a crystal magnetic anisotropy is very small, saturation magnetic 
flux density Bs is higher than the Co-Hf-Nb alloy mentioned above, and since it is the low 
coercive force He, good soft magnetic characteristics are obtained and it is the optimal material 
for a raise in recording density. Moreover, by deposit of the carbide of Elements M and C, it 
excels in thermal resistance compared with the Co-Hf-Nb alloy. 

[0105] (10) As for the soft-magnetism layer which forms the up core layer 42 and/or the lower 
core layer 1 5, it is cfesirable to be formed by the soft magnetic materials shown below. 
[0106] The elements T and Si of Fe of a principal component, and/or Co, and/or the element X 
of aluminum One sort or two sorts or more of elements M chosen from Ti, Zr, Hf, V, Ta, Mo, and 
W One sort or two sorts or more of elements Q chosen from the element Z of C and/ or N, and 
Cr, Re, Rh, nickel, Pd, Pt and Au are contained, as film composition It has the crystal phase 
which makes Fe and/or Co a principal component, and the crystal phase of the carbide of 
Element M, and/or a nitride. As the whole, the diameter of average crystal grain consists of fine 
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crystals 40nm or less, further The diameter of average crystal grain of the crystal phase which 
makes d, Fe, and/or Co a principal component for the diameter of average crystal grain of the 
carbide of Element M and/or a nitride is set to D. to a case The ratio (d/D) is 0.05 <=d/D<=0.4, 
an empirical formula is shown by TaXbMcZdQe f and the composition ratios a, b, c, d, and e are 
atomic %s, and it fills 0<=b<=25, 1<=c<=10, 5<=d<=15, 0<=e<=10, and the relation it is unrelated 
a+b+c+d+e=100. 

[0107] Since Element X is contained, specific resistance rho (about 120micro ohm-cm) is large, 
and excels the aforementioned Fe-M-C alloy rather than the Fe-M-C alloy mentioned above in 
corrosion resistance and oxidation resistance. 

[0108] (11) As for the soft-magnetism layer which forms the up core layer 42 and/or the lower 
core layer 15, it is desirable to be formed by the soft magnetic materials shown below. 
[0109] The element T of Fe of a principal component, and/or Co, Si and aluminum, and one sort 
or two sorts or more of elements M chosen from Zr, Hf, Nb, and Ta One sort or two sorts or 
more of elements Q chosen from the element Z of C and/or N, and Cr, Ti, Mo, W, V, Re, Ru, Rh, 
nickel, Pd, Pt and Au are contained, as film composition To the microcrystal phase from which 
the diameter of average crystal grain of the body centered cubic structure made into a principal 
component is set to 40nm or less, at least Element T Si or aluminum, Element Q dissolves, it has 
the crystal phase of the carbide of the element M with which the grain boundary of the 
aforementioned fine crystal phase deposited further, and/or a nitride, an empirical formula is 
shown by TaSibAlcMdZeQf, and the composition ratios a, b, c, d, e, and f are atomic %s. 
8<=b<=15, 0<=c<=10, 1<=d<-10, 1<=e<=10, 0<=f<=15, and the relation it is unrelated 
a+b+c+d+e+f=100 are filled. 

[0110] Since the absolute value of a magnetostriction can be made small and internal stress can 
be made small rather than the T-X-M-X-Q alloy mentioned above since both Si and aluminum 
were contained, the resistance to environment by temperature etc. improves. 
[01 1 1] (12) As for the soft-magnetism layer which forms the up core layer 42 and/or the lower 
core layer 15, an empirical formula is shown by nickel 1-XFeX, the diameter of average crystal 
grain is 105A or less, and, as for the composition ratio X of Fe, moreover, it is desirable to be 
formed by the soft magnetic materials which are within the limits of 60 mass % to 90 mass %. In 
this case, it is desirable that (Ra) is 25A or less in the center line average coarseness of the film 
surface of the aforementioned soft-magnetism film. 

[01 12] These soft magnetic materials have high saturation magnetic flux density Bs, and it 
becomes 1 .9T (tesla) grade at the maximum. And coercive force He is low and is below 1 .SOe 
(oersted). 

[01 13] (13) Contain nickel, Fe, and N at least as a composition element, moreover the diameter 
of average crystal grain is 80A or less, and, as for the high specific resistance layer 40, it is 
desirable to be formed by the soft magnetic materials whose composition ratio of Fe is more 
than 30 mass % further. Moreover, it is desirable that (Ra) is 1 20A or less in the center line 
average coarseness of the film surface of the aforementioned soft magnetic materials. 
[01 14] These soft magnetic materials contain N (nitrogen) of a nonmetallic element, and the soft 
magnetic materials formed of the above-mentioned conditions have the high specific resistance 
rho compared with a nickel-Fe alloy, and have coercive force He and saturation magnetic flux 
density Bs still more of the same grade as the aforementioned nickel-Fe alloy. 
[01 15] (14) As for the high specific resistance layer 40, it is desirable to be formed by the soft 
magnetic materials with which an empirical formula is shown by NixFeyNbz, and the composition 
ratio x, and y and z are atomic %s, and moreover fill 76<=x<=84, 8<=y<=15, 5<=z<=12, and the 
relation it is unrelated x+y+z=100. 

[01 16] (15) As for the high specific resistance layer 40, it is desirable to be formed with a FeNiP 
alloy or a FeNiPN alloy. 

[01 17] The soft magnetic materials of the above (14) and (15) have the specific resistance rho 
higher than a nickel-Fe alloy. 

[01 18] By the way, in this invention, when forming with the nickel-Fe alloy in which the soft- 
magnetism layer which forms the up core layer 42 and/or the lower core layer 15 is shown by 
the above-mentioned (12), the electroplating method which used the pulse current can be 
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mentioned as the manufacture method. 

[0119] Even if the nickel-Fe alloy which carried out electroplating using the aforementioned 
pulse current enlarges the composition ratio (mass %) of Fe contained in a plating film, in 
connection with it, saturation magnetic flux density Bs can be raised and it can raise the 
aforementioned saturation magnetic flux density Bs even to about 1 .9T at the maximum. 
[0120] Moreover, it is desirable to make into 105A or less the diameter of average crystal grain 
of the nickel-Fe alloy by which plating formation was carried out, and to form the composition 
ratio of Fe moreover in this invention, by the electroplating method which used the 
aforementioned pulse current, at 60 mass % to 90 mass %. Furthermore, it is desirable to form 
(Ra) by 25A or less in the center line average coarseness of the film surface of the 
aforementioned soft-magnetism film. 

[0121] It is possible to carry out plating formation of the nickel-Fe alloy on the above-mentioned 
conditions according to the electroplating method using the pulse current, and if it is the nickel- 
Fe alloy which has the crystal which turned minutely in this way, it is possible it not only to raise 
saturation magnetic flux density Bs, but to reduce coercive force He. Specifically, the 
aforementioned coercive force He can be set as 1.5 or less Oes. 

[0122] Moreover, when forming by the soft magnetic materials which show the high specific 
resistance layer 40 to the above-mentioned (13), forming by the manufacture method explained 
below is possible. 

[0123] That is, in this invention, the soft magnetic materials which contained Fe, nickel, and N at 
least in the composition element can be formed by adding an amino ** organic material during 
the plating bath which has Fe ion and nickel ion. 

[0124] Thus, the soft magnetic materials which contain N (nitrogen) which is a nonmetallic 
element in a composition element have high specific resistance rho, and the specific resistance 
rho more than 60micro ohm-cm is specifically obtained. 

[0125] Moreover, especially in this invention, pH (hydrogen exponent) of the aforementioned 
plating bath is rationalized, (Ra) is made small in the center line average coarseness of the film 
surface of the soft-magnetism film by which plating formation was carried out, and, thereby, 
coercive force He can be low held down to fitness. Specifically, it is desirable to keep pH under 
aforementioned plating bath or less at 1 .8. 

[0126] Moreover, in this invention, one sort or two sorts or more can be chosen from 
ethylenediamine (EDA), a diethylenetriamine (DETA), a triethylenetetramine (TETA), an alanine 
(Ala), or glutamic acid (Glu) as the aforementioned amino ** organic material added during a 
plating bath. 

[0127] In addition, although the soft-magnetism layer 22 and the lower core layer 15 which form 
the up core layer 42 are formed by each by the monolayer in the example shown in drawing 1 , 
you may be the composition that the laminating of two or more layers was carried out. In this 
case, it is desirable to raise saturation magnetic flux density Bs of each class as the specific 
resistance rho of each class is raised as it separates from a magnetic gap, and a magnetic gap is 
approached. 

[0128] Drawing 2 is partial drawing of longitudinal section showing the operation gestalt of other 
thin film magnetic heads in this invention. 

[0129] With this operation gestalt, it differs in the composition of drawing 1 and the up core layer 
42, and ****** is completely the same as other portions. 

[0130] The high specific resistance layer 40 is formed in the inferior surface of tongue of the 
soft-magnetism layer 22 which forms the up core layer 42 as shown in drawing 2 . The specific 
resistance rho of the aforementioned quantity specific resistance layer 40 is higher than the 
specific resistance rho of the aforementioned soft-magnetism layer 22. 

[0131] Thus, by forming the high specific resistance layer 40 in the inferior surface of tongue of 
the soft-magnetism layer 22, the eddy current loss generated when record frequency rises can 
be reduced. And it becomes possible to be able to raise OW property and a NLTS property and 
to correspond to future high record frequency-ization by the ability of the aforementioned eddy 
current loss to be reduced appropriately. In addition, it is as the same as drawing 1 explained the 
thickness of the aforementioned quantity specific resistance layer 40 etc. 
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[0132] Moreover, in this example, it is desirable that the saturation magnetic flux density Bs of 
the aforementioned soft-magnetism layer 22 is higher than the saturation magnetic flux density 
Bs of the high specific resistance layer 40. It is possible to centralize a record magnetic field 
near the gap by this, and to aim at improvement in a recording characteristic. 
[0133] In addition, although the high specific resistance layer 40 is prolonged and formed also in 
the portion (magnetic-path formation field) which touches the gap layer 18 in the example shown 
in drawing 2 , the direction where the aforementioned quantity specific resistance layer 40 is not 
formed in the portion which touches the aforementioned gap layer 1 8 is desirable at the point on 
which a record magnetic field can be centralized near the gap. 

[0134] Moreover, as for the quality of the material of the soft-magnetism layer which forms the 
up core layer 42 and/or the lower core layer 1 5, and the high specific resistance layer 40, it is 
desirable to be chosen from above-mentioned (1) - (15). 

[0135] Drawing 3 is partial drawing of longitudinal section of the thin film magnetic head showing 
the operation gestalt which formed the high specific resistance layer 40 also in the lower core 
layer 1 5. 

[0136] As shown in drawing 3 , the high specific resistance layer 40 is formed in the inferior 
surface of tongue of the soft-magnetism layer 43 which forms the lower core layer 1 5. 
[0137] Thus, by forming the high specific resistance layer 40 in the inferior surface of tongue of 
the soft-magnetism layer 43, the eddy current loss generated when record frequency rises can 
be reduced. And it becomes possible to be able to raise OW property and a NLTS property and 
to correspond to future high record frequency-ization by the ability of the aforementioned eddy 
current loss to be reduced appropriately. In addition, it is as the same as drawing 1 explained the 
thickness of the aforementioned quantity specific resistance layer 40 etc. 

[0138] Moreover, in this example, it is desirable that the saturation magnetic flux density Bs of 
the aforementioned soft-magnetism layer 43 is higher than the saturation magnetic flux density 
Bs of the high specific resistance layer 40. It is possible to centralize a record magnetic field . 
near the gap by this, and to aim at improvement in a recording characteristic. 
[0139] Moreover, you may form the high specific resistance layer 40 in the upper surface of the 
soft-magnetism layer 43. However, since not forming the aforementioned quantity specific 
resistance layer 40 in the position (magnetic-path formation field) which touches through the up 
core layer 42 and the gap layer 1 8 can concentrate a record magnetic field near the gap, it is 
desirable. 

[0140] Moreover, the high specific resistance layer 40 of worsening this shield function and until 
raising the specific resistance rho of the aforementioned quantity specific resistance layer 40 
formed in the inferior surface of tongue of the soft-magnetism layer 43 is not desirable in order 
to mainly act as a shield function of MR head hi. 

[0141] The aforementioned shield function is a function required in order to reduce the noise of 
the record signal reproduced with the magnetoresistance-effect element 1 3. And in order to 
raise the aforementioned shield function, the high permeability mu and the low magnetostriction 
constant lambda are needed. 

[0142] As required soft magnetic characteristics of the high specific resistance layer 40, it is 
high permeability and a low magnetostriction constant rather, and after raising these two soft 
magnetic characteristics, it is more desirable than specific resistance rho to make specific 
resistance rho high. 

[0143] Drawing 4 is the partial front view showing the operation gestalt of other thin film 
magnetic heads in this invention. Drawing 5 is a fragmentary sectional view at the time of cutting 
the thin film magnetic head shown in drawing 4 from five to 5 line, and seeing from an arrow. 
[0144] The thin film magnetic head shown in drawing 4 and drawing 5 is the so-called inductive 
head for writing, this inductive head used and reads the magnetoresistance effect, and a 
laminating is carried out on a head (refer to MR head hi; drawing 1 ). 

[0145] The sign 30 shown in drawin g 4 and draw ing 5 is a soft-magnetism layer which forms the 
lower core layer formed by soft magnetic materials. 

[0146] In this invention, as shown in drawing 4 and drawing 5 , the insulating layer 31 formed by 
the insulating material on the aforementioned soft-magnetism layer 30 is formed. The 
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aforementioned insulating material consists of at least one sort in AIO f aluminum 203, Si02 and 
Ta 205, TiO and AIN, AISiN, TiN and SiN, Si3N4, and NiO, WO, W03, BN and CrN, and the 
aforementioned insulating layer 31 is a monolayer, or is multilayered and formed. 
[0147] In this invention, it applies in the height direction (the direction of illustration Y) from an 
opposed face (ABS side) with a record medium, and slot 31a formed by predetermined linear 
dimension is formed in the aforementioned insulating layer 31. 

[0148] Slot 31a which the aforementioned slot 31a is formed of reactive ion etching (the RIE 
method), and was formed in the aforementioned insulating layer 31 has the inside width method 
which regulates the width of recording track Tw at least, and is formed. In addition, as for the 
aforementioned width of recording track Tw, being formed by 1.0 micrometers or less is 
desirable, and it is 0.7 micrometers or less more preferably. 

[0149] As shown in drawing 4 and drawing 5 , the lower magnetic pole section 32 magnetically 
connected with the soft-magnetism layer 30 as the lowest layer is formed in the interior of slot 
31a formed in the aforementioned insulating layer 31. 

[0150] Moreover, as shown in drawin g 4 and drawin g 5 , it is in slot 31a and the laminating of the 
gap layer 33 is carried out on the aforementioned lower magnetic pole section 32. This gap layer 
33 is formed of the nonmetal material as which one sort or two sorts or more in NiP, NiPd, NiPt, 
NiRh, NiW, NiMo, and Au, Pt, Rh, Pd, Ru and Cr were chosen. 

[0151] As furthermore shown in drawing 4 and drawing 5 , it is in the aforementioned slot 31a, 
and the laminating of the up magnetic pole section 34 is carried out on the gap layer 33. 
[0152] Moreover, as shown in drawing 4 , from surface 34a of the aforementioned up magnetic 
pole section 34, it applies to surface 31b of the aforementioned insulating layer 31, and inclined 
plane 31c toward which an interval spreads gradually and inclines is formed in the both sides of 
the aforementioned up magnetic pole section 34 at the aforementioned insulating layer 31. 
[0153] Furthermore, by this invention, as shown in drawing 4 and drawing 5 , the soft-magnetism 
layer 36 which applies on inclined plane 31c from on the aforementioned up magnetic pole 
section 34, and forms an up core layer is formed. 

[0154] Moreover, as shown in drawing 5 , on the gap layer 33 formed in slot 31a of an insulating 
layer 31, a fixed interval (Gd) is vacated in the height direction (the direction of illustration Y) 
from an opposed face with a record medium, it applies on the insulating layer 31 located in a 
height side from on the gap layer 33 behind this interval, and Gd arrangement insulating layer 37 
is formed. In addition, the aforementioned Gd arrangement insulating layer 37 is formed with 
organic resin material, such as a polyimide and resist material. 

[0155] Moreover, as shown in drawing 5 , on the aforementioned insulating layer 31 prolonged in 
a height side rather than slot 31a formed in the insulating layer 31, pattern formation of the coil 
layer 38 is carried out spirally. In the example shown in drawing 5 , although the aforementioned 
coil layer 38 is directly formed on the insulating layer 31, Gd arrangement insulating layer 37 
mentioned above may be formed between the aforementioned coil layer 38 and the insulating 
layer 31. 

[0156] Furthermore, on the aforementioned coil layer 38, as the aforementioned coil layer 38 is 
covered, the coil insulation layer 39 is formed, and in addition, this coil insulation layer 39 is 
formed with organic resin material, such as resist material and a polyimide. 
[0157] Moreover, as shown in drawing 5 , the soft-magnetism layer 36 mentioned above is 
prolonged and formed in the height direction from an opposed face with a record medium, on the 
2nd lower core layer 30, it connects magnetically and end face section 36a of the soft- 
magnetism layer 36 is formed. 

[0158] Moreover, as shown in drawing 5 , the high specific resistance layer 40 is formed in the 
undersurface of the aforementioned soft-magnetism layer 36 in this example. The specific 
resistance rho of the aforementioned quantity specific resistance layer 40 is higher than the 
specific resistance rho of the soft-magnetism layer 36. Moreover, the aforementioned quantity 
specific resistance layer 40 is not formed in the position (magnetic-path formation field) where 
the soft-magnetism layer 36 counters through the gap layer 33 on the soft-magnetism layer 30 
which forms a lower core layer, and exposure formation of the aforementioned quantity specific 
resistance layer 40 is not carried out at an opposed face with a record medium. For this reason, 
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formation of the aforementioned quantity specific resistance layer 40 does not serve as 
hindrance of concentration of the record magnetic field near the gap, but can manufacture the 
thin film magnetic head which can respond to high recording density-ization. 
[0159] Although the magnetic pole sections 32 and 34 connect with each soft-magnetism layers 
30 and 36 magnetically and are formed in them [ near the gap ] as mentioned above, if the 
aforementioned magnetic pole sections 32 and 34 have, and were formed and the saturation 
magnetic flux density Bs higher than the saturation magnetic flux density Bs of each soft- 
magnetism layers 30 and 36 is said, they serve as a high Bs layer. 

[0160] Thus, it is possible to be the portion of the aforementioned quantity Bs layer, to be able 
to centralize a record magnetic field near the gap, and to attain high recording density-ization 
more appropriately by preparing a high Bs layer near the gap. 

[0161] Moreover, in the example shown in drawing 5 , the aforementioned magnetic pole sections 
32 and 34 are formed in slot 31a formed in the insulating layer 31, and since the width-of-face 
size in the direction of the width of recording track of the aforementioned slot 31a (the direction 
of illustration X) is formed very narrowly, in the future formation of a ** truck, manufacture of 
the thin film magnetic head which can respond to high recording density-ization is possible for it. 

[0162] In addition, as for the aforementioned up magnetic pole section 34 and the lower 
magnetic pole section 32 (high Bs layer), it is desirable to be formed of one soft magnetic 
materials of above-mentioned (1) - (12). 

[0163] In addition, although the lower magnetic pole section 32 and the up magnetic pole section 
34 are formed only in slot 31a formed in the insulating layer 31 in the example shown in drawing 
4 and drawing 5 Furthermore, the aforementioned lower magnetic pole section 32 and the up 
magnetic pole section 34 extend from aforementioned slot 31a. The aforementioned lower 
magnetic pole section 32 may be prolonged and formed even in the insulating-layer 31 bottom in 
which the coil layer 38 is formed, and the up magnetic pole section 34 may be prolonged and 
formed even on the insulating layer 39. 

[0164] Moreover, although the lower core layer 30 is not formed in slot 31a, in this slot 31a, the 
aforementioned lower core layer 30 projects and it may be formed. 

[0165] In the thin film magnetic head in this invention explained in full detail above, the high 
specific resistance layer to which one [ at least ] core layer has the specific resistance rho 
higher than the aforementioned soft-magnetism layer on the upper surface and/or the inferior 
surface of tongue of a soft-magnetism layer and the aforementioned soft-magnetism layer is 
formed among the up core layer and the lower core layer. 

[0166] The eddy current generated when record frequency rises can be reduced, and it becomes 
possible to manufacture the thin film magnetic head which can respond to future high record 
frequency-ization. 

[0167] moreover, in this invention, as for the aforementioned soft-magnetism layer, it is desirable 
to have the saturation magnetic flux density Bs higher than a high specific resistance layer, and 
this generates a strong record magnetic field near near the gap of each core layer — making — 
record — resolution can be raised and it becomes possible to manufacture the thin film 
magnetic head which can respond to future high recording density-ization 
[0168] In draw ing 1 , on the soft-magnetism layer 22 of the up core layer 42 at drawing 2 
Moreover, under the soft-magnetism layer 22 of the up core layer 42, Although the high specific 
resistance layer 40 is formed in the bottom of the soft-magnetism layer 43 of the lower core 
layer 15 the soft-magnetism layer 22 top of the up core layer 42 in drawing 3 and is prepared in 
the bottom of the soft-magnetism layer 36 of an up core layer in drawing 5 , respectively It may 
be prepared in four places of the upper and lower sides of the soft-magnetism layer of for 
example, an up core layer, and the upper and lower sides of the soft-magnetism layer of a lower 
core layer, and the aforementioned quantity specific resistance layer 40 can determine the 
formation position of the aforementioned quantity specific resistance layer 40 arbitrarily. 
[0169] 

[Example] In this invention, the thin film magnetic head of the example formed with the following 
composition and the example of comparison was manufactured, and it measured about OW 
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(over-writing) property, PW50 property, and NLTS property of each thin film magnetic head. 
[0170] The high specific resistance layer is formed in the inferior surface of tongue of the soft- 
magnetism layer which forms the upper surface of a soft-magnetism layer in which the structure 
of the thin film magnetic head as an example forms a lower core layer, and a lower core layer. 
Although all of the aforementioned soft-magnetism layer and a high specific resistance layer are 
formed with the nickel-Fe alloy, the amount of Fe(s) of each soft-magnetism layer is large 
compared with the amount of Fe(s) of a high specific resistance layer, and, thereby, saturation 
magnetic flux density Bs is made high for the direction of a soft-magnetism layer compared with 
the high specific resistance layer. 

[0171] In addition, the saturation magnetic flux density Bs of each soft-magnetism layer formed 
in the side which counters a gap layer was about 1 .6T, and the saturation magnetic flux density 
Bs of a high specific resistance layer was about 1 .0T. 

[0172] Moreover, the laminating of the soft-magnetism layer two-layer in an up core layer is 
carried out, the structure of the thin film magnetic head as an example of comparison is 
constituted, and the lower core layer is formed by the monolayer. Also in this case, although all 
soft-magnetism layers are formed with the nickel-Fe alloy, the amount of Fe(s) of the nickel-Fe 
alloy formed in the side which counters the gap layer of an up core layer is large compared with 
the amount of Fe(s) of another nickel-Fe alloy, and saturation magnetic flux density Bs is made 
high for the direction of the nickel-Fe alloy formed in the side which counters a gap layer by this 
compared with the nickel-Fe alloy of another side. 

[0173] In addition, the saturation magnetic flux density Bs of the nickel-Fe alloy formed in the 
side which counters a gap layer was about 1.6T, and the saturation magnetic flux density Bs of 
the nickel-Fe alloy of another side was about LOT. Moreover, the saturation magnetic flux 
density Bs of the lower core layer formed by the monolayer was about 1 .6T from 1 .4T. 
[0174] Drawing 6 is a graph about the relation between record current and OW (over-writing) 
property. 

[0175] In addition, in measurement of OW property, it writes in a record medium by low 
frequency, and, next, a RF performs overwrite. It measured by dB how much it fell in the state 
compared with the output value of the record signal which the residual output value of the 
record signal first written by low frequency wrote to the beginning before performing overwrite 
by low frequency. OW property is so desirable that it is large in an absolute value. 
[0176] As shown in drawing 6 , if record current goes up [ in an example ] also in [ both ] the 
example of comparison, it turns out that the absolute value of OW property becomes large and 
its OW property improves. 

[0177] However, as shown in drawing 6 . compared with the absolute value of OW property in the 
thin film magnetic head of the example of comparison, 5 or about 6dB of directions of the 
absolute value of OW property in the thin film magnetic head of an example is large, and the 
direction of the thin film magnetic head of an example understands them as the ability of OW 
property to be raised compared with the thin film magnetic head of the example of comparison. 
[0178] Drawing 7 is a graph which shows the relation between record current and PW50 
property, so that the haH^value width of an isolated reproduction wave is measured and this 
half-value width of PW50 property is small — record — it means that resolution is improving 
[0179] As shown in drawing 7 , compared with the case of the thin film magnetic head of the 
example of comparison, the direction of the thin film magnetic head of an example can make 
half-value width small, and turns out that PW50 property can be raised. 
[0180] Drawing 8 is a graph which shows the relation between record current and a NLTS 
property. The NLTS property was measured using the 5th higher-harmonic method which IBM 
Corp. developed. The aforementioned NLTS property is so desirable that it is large in an absolute 
value. 

[0181] As shown in drawing 8 , the direction of the thin film magnetic head of an example turns 
out that a NLTS property can be raised compared with the thin film magnetic head of the 
example of comparison. 

[0182] So that it may understand with reference to drawing 6 or drawing 8 As mentioned above, 
the thin film magnetic head of an example, Namely, the direction of the thin film magnetic head in 
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which the high specific resistance layer was formed on the inferior surface of tongue of the soft- 
magnetism layer which forms the upper surface of a soft-magnetism layer and the lower core 
layer which form an up core layer Form by the monolayer, the thin film magnetic head, i.e., the 
lower core layer, of the example of comparison, and an up core layer side is made two-layer. 
Compared with the thin film magnetic head which made saturation magnetic flux density of a 
magnetic gap and the layer of the side which counters higher than the saturation magnetic flux 
density of the layer of the side which separates from the aforementioned magnetic gap, it turns 
out that OW property, PW50 property, and a NLTS property can be raised. 
[0183] 

[Effect of the Invention] According to this invention explained in full detail above, the high 
specific resistance layer which has the specific resistance rho higher than the aforementioned 
soft-magnetism layer is formed in the upper surface and/or the inferior surface of tongue of a 
soft-magnetism layer and the aforementioned soft-magnetism layer at one [ at least ] core layer 
of an up core layer and a lower core layer. 

[0184] Loss by the eddy current generated by this when record frequency rises can be reduced, 
and the thin film magnetic head which can respond to future high record frequency-ization can 
be manufactured. 

[0185] moreover, the record magnetic field which generates the saturation magnetic flux density 
Bs of the aforementioned soft-magnetism layer from an opposed face with a record medium by 
making it higher than the saturation magnetic flux density Bs of a high specific resistance layer 
is concentrated near the gap — making — record — it becomes possible to raise resolution For 
this reason, according to this invention, the thin film magnetic head which can be dealt with 
future high recording density-ization can be manufactured. 

[0186] Moreover, in this invention, it becomes possible to raise the specific resistance rho of the 
aforementioned quantity specific resistance layer by adding an amino ** organic material and 
forming by the soft magnetic materials which contained Fe, nickel, and N at least in the 
composition element during the plating bath which has Fe ion and nickel ion for the 
aforementioned quantity specific resistance layer. 

[0187] When forming the soft-magnetism layer of the aforementioned up core layer or a lower 
core layer with a nickel-Fe alloy in this invention, it is still more possible to raise the saturation 
magnetic flux density Bs of the aforementioned soft-magnetism layer by using the electroplating 
method which used the pulse current. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The expanded sectional view of the thin film magnetic head showing the structure of 
the operation gestalt of this invention, 

[Drawing 2] The expanded sectional view of the thin film magnetic head showing the structure of 
other operation gestalten of this invention, 

[Drawing 3] The expanded sectional view of the thin film magnetic head showing the structure of 
other operation gestalten of this invention, 

[Drawing 4] Partial front view of the thin film magnetic head showing the structure of other 
operation gestalten of this invention, 

[Drawing 5] The fragmentary sectional view which looked at the thin film magnetic head cut from 
5-5 line shown in drawing 4 from the arrow, 

[ Drawing 6] The graph which uses the thin film magnetic head of an example, and the thin film 
magnetic head of the example of comparison, and shows the relation between record current and 
OW property, 

[Drawing 7] The graph which uses the thin film magnetic head of an example, and the thin film 
magnetic head of the example of comparison, and shows the relation between record current and 
PW50 property, 

[ Draw i ng 8 ] The graph which uses the thin film magnetic head of an example, and the thin film 
magnetic head of the example of comparison, and shows the relation between record current and 
a NLTS property, 

[Drawing 9] The fragmentary sectional view showing the structure of the conventional thin film 
magnetic head, 
[Description of Notations] 

1 1 Lower Shield Layer 

1 2 Lower Gap Layer 

1 3 Magnetoresistance-Effect Element 

14 Up Gap Layer 

1 5 Lower Core Layer 
1 8 33 Gap layer 

19, 21, 31 Insulating layer 
20 38 Coil layer 

22, 30, 36 Soft-magnetism layer 

32 Lower Magnetic Pole Section (High Bs Layer) 

34 Up Magnetic Pole Section (High Bs Layer) 

40 High Specific Resistance Layer 

41 Protective Coat 

42 Up Core Layer 
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[0039] fc*j±E*HBtt*mtt. mmm&^mt^ 

B s l©'M<t ! b-*l:ffifflSn5J:i:»ilK 
[0 0 4 0] ifctt*^BJ-Ptt. mlfB±gPnTBR^/ 
*fc«TgP3Tg^^fiE-r^mrlBDcmttg« M£ffifcJ& 
SB, RDCffiiBiSB sl©p^&<tfelfll »fi)c 40 
iW. NixFeyT^Sn. ffijfcJfcx, ytim^T'. 
10^x^70. 30^y^90. x+y=10045 

[0 0 4 1] *fcf±*55Wt?tt. 8ufB±nBn TIRtf/ 

fcxB. RtflWGitSBsB©5*i'>JS:<£:fclB14. ffijsfi 
J***. Fe a M b O c (^:fc*L7t*M«. Hf, Zr. T 

1. V. Nb. Ta. Cr. Mo. Vffrt>Ml£t\fcim 
*/c!4 2aeA±CD^) T^$n. ifc&jSlta, b, c 

*<. 50^3^70, 5^b^3 0. 1 0 =s 50 
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cS3 0. a + b + c = l 0 0fi:*H«*»fc-r*lt«tt 

[0 04 2] !ftfe±IB«:«tt»»tt. tttfcStSJBfcttffi 
SnSCtdWSLK *fctt#589!TH:. ME$JtJ& 
lnB14. ffl^7cH<hUTi>^< tfcN i , F e SD'N^ 

tCF e <0««tfc*t3 0 ff»%«±T *5«t«tt»»Tf» 

tttW©Rifi©+'Mft s Pi5fi£ (R a) 14 1 2 0 A£TF 

[0 0 4 3] Sfctt3|ES6WT?H. mrlB^JtStaS14. ffi 
fi£3W*N i xF e,Nb ! t*3n. L^feffllSJtx. 
y, z**gCT%T. 76^x^84. 8Sy^l5. 5 

Sz^i2. x + y + z = ioo ti^m^mtc-irmm 

[0 0 4 4] ^6(Cf4*^B^T-14. ffiEffiJti&ffilit;):. 
NiFeP, SfcteF eN i PNTMStlSutiiW 

[0 0 4 5] £fc#369mi, *.E±S»3 
fcttT»3 7ll*»rii-rSttE«:«ttlB. iSB s B14. 
ifcUSiW. CoiZryNbi^Sn. iSfifiEitx, y. 
zrt*. gf%t, 1. 5^y^l3, 6. 5^z=sl 
5. 1^ (y/z) ^2. 5. x+y + z=100ft5 

[0046] *fci4*^T«. mmi^zirmmf/ 

* fc!4TH53 TB^PfiE-T ^»ftiIfB®:6Stt« SfettHlflB^ 
BsB14. m&ttfi. CoiHfyNbjT'^n. Mfifc 
ttx. y, zrt*. m^%X\ 1. 5^y^l3, 6. 5 
^zgl5, 1^ (y/z) ^2. 5. x+y+z=l 

[0 0 4 7] SfcfifcfcfBWTtt. iWEigBaTBStf/ 

* fc!4T^3 TB ^PfiE-T £ flMBtUaBttfl * fcttftMBffi 

b s Bi4. \>xv\z^-twm.mm-x:mfS.^n^ cttiw 

[004 8] M»©Fet. Hf. Zr. Ti. V. 
Nb. Ta. Cr. Mo. Wj^£3tfftfc 1 «£fcl4 2 
a^iWTC^Mt. Ctmi/. l^«fiEtUT14. F 

^*tUTtt¥^ISSS[a*<4 0nm6ilT<O* 

mm* d . f e *^j*»fc-r-5» a««>¥^isii«cs* 

DtLfc^fC, t<Ditm (d/D) 0. 05Sd 
/D^0. 4TS0. a^SC14F e x M y C z tr^3tX. 
ffifiEJtx, y. ztW5§C^%T?, 50^x^96. 2^y 
^30. 0. 5^z^25. x + y + z = l 0 0^-5H 

[0 0 4 9] £jfctt*K9mi, HtjfB±^3TBSO:/ 

* fci4Ta5a 7 m *w$ltz> mt^mfkm * & (4MiBii5 



( 7 ) 

II 

[0 0 5 0] M»»F eSOt/S tdC oiDSf T 
<h. S iStf/Sfc(iAI(DS*Xt, Ti. Zr, H 
f. V. Ta, Mo. WA^Stfnfc lSSfcH2ffiJK 
±(Djc^M<h. CRZf/£tMN<DK.mz <h. Cr. R 
e. Rh. Ni. Pd. Pt. A u ri> ^Sfcftlfc 1 Si: 
fc(i2iH±©£IQtmU ii^tLTIl F 
e&tf/£fcteCo£3£/&#£T&igJlffi<fc, tc^MW 

T»4¥^«Saeff 4 0 n m«T©**Hieii-C*riSS 10 
ft. ^MWRfKmfttX/SfcJiSfl:*©^ 
HAttS^d, F e Stf/iftiHC o Si^i 
M0¥i£tt«fcS«D£l,&ll&K:. (d/ 
D) 0. 05Sd/DS0. 4T&D. »fi£i£«T 
a XbM c ZdQe"e*^tl. ijfljjfcjfca, b, c, d, e# 
ff^tr. 0^bg25, l^c^lO, 5gd^l 
5. OSeS 10, a + b + c +d 4- e= 1 0 OfcZ>m 

[0 0 5 1] *fctt#*9rai. tMB±»3 7Jifttf/ 

[0 0 5 2] ifiE^-CDF eS:OC/$fcttCoCD7ci^T 
Sit. Alt, Z r , H f . Nb, Tai»SlU 
ftfc lSSfctt2a«±»5c^M<h. CR!^/$fc(iN 
<D7tmzt. Cr. Ti, Mo, W. V. Re. Ru. 
Rh. Ni. Pd. Pt. Au^"E>»«tlfcia*fctt 
21R±©S*Qi^tl. BS#tfilc<hLTte. tc*T 
S^I«»<fr4<»:'i>it^r«jS«)¥^lgJI»S**4 0 nm 
SIT tfc *««««»;:. ifeS i **W4A 1 30 

ai ^ nfcic^MCD^ftfe&oc/' s &tt*fci»©igj&ffi £ 
*ru meiciCttTaS i b A l cMdZeQfT-^sn. aajfc 

Jta, b. c. d. e. f &m?%T\ 8SbSl5, 
OScSlO. lSdSlO. lSeSlO, OS f S 
15. a + b + c+ d + e + f = 100 fcZ>m&$:Mfz 

-r. 

[0 0 5 3] ££>tCte#fg^Ttt. Hfrl2-hSP3TgS0C 

sl(i 3aBESC*t. n i i-xFex-e*£n, 40 
gte, 1 0 5 AJ&TF-eab 0 . F e©*§J5gJtXtt. 6 OK 
»%^6 9 0K»%»ffiBrtT&£#^te;f#&TJgs££ 

ffiW+'L^sp^ffi^ (Ra) (±2 5 AHTT*5Ci)!i{ 

[0 0 5 4] *fc#5M!f±, -y^H £fl-LT*tffi 
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fete. flffEft«ttHa)TiB«a^/*&tt±iBfl!iK. Mr 

feFe. N iStXN^##Ufc$»:efttJ^$r«fUi$-&'5 

[0 0 5 5] #5893 -m. Dc«ttW»©iaj«7C*i:U 
T. lEStt^fi^Fe&O'N IfiWC. IHS^tLT. 

<fc 5 &S&E«C«tt*m£» m&t&ffim t iTtffltS d 

[0 0 5 6] Sfc#R9iTtt, (tE/y=f»1"fl)pHS 
1. 8KT»c«oci*^FSLV». fc*3*S8"PiT?tt. mf 
E7 5/**««»i:l/T. 3?fl/>^75> (ED 
A) . yX?U>MJ75> (DETA) . hUXfl/ 
>^h^5> (TETA) . 7^-> (Ala), 
V»f±y;^5>K (Glu) ^e.liifeli2iHM 

[0 0 5 7] a-fc+ffiW-Ctt, it,-Jffl3 7I 

©IfSBtiSttl^N i - F e &MT«ricl/. C©it 
WEN i -FeSm 

«fc 0 Pfi£-r£ 31 tiWfSUK 

[0 0 5 8] ±E©«fc'3fc/W;**tt*ffl^fc«S[*y 
+SfCd;0. Ni-Fe#M^7+«t5i. 9513 
N i -F e£&WgSfn«B5fc£«B s £ffl±3-B:5 H t*« 
T#-5„ -S-LT*»BJT«. ffi¥MB$&ftB s (DlS^M 
ENl-Fe&4S. MttltlTfffltSCtCt 

[0 0 5 9] *fc*%BJT«. jJ9E^&BI«>i|gfi&g£ 
1 0 5 AJBTFKU l^fcFe©iffljfcJtX<£, 6 0S! 

%#>e>9 osi%TMT5ctstjfib<, seem 

E^BtOBIiBrof^lSlWfflS (Ra) S2 5A6TF 
[0 0 6 0] 

to o 6 i ] m i c**-r#Kfta / v.y r*. m±^y 

tzh<DX'$>K), Btffl©MRA7 h* h 1 i, EgfflO'f 
[0 0 6 2] 01 (C^-T^^ 1 1 tt. WBttWiMBwT 
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gB^-^KJf m 1 IZ^T^OlZ. mtiTffli/- 

;H«gl 1±IC«A 1 20 3 &<»:0D#JH±# 

3. T&¥* 7^112 (0±fC«fi8^)gtri^^^ 1 3 

ammntix\,*&. m$m^m.tn,mmmf- 1 3 i±. am 

»=ft?^il 4«fJ»j££4vCtr>«. 

co o 6 3] muz^-r^oiz. ithWtyyii io 

[0 0 6 4] icfcfJSBTSBnyjf 1 5te. 01C75J;^(C 

[0 0 6 5] 01 (C^-TcfcofC. TSB37J1 1 5<7)±(C 
«. 7;PS^S i 0 2 fc£©||MKtt*m»C«fc9»(SS 

•y^I18±i;il #U-f 5 K&fcttl^X h*m§?<Z) 20 

>M$nfc3-f ;H2 o^ttenrns. &*5. t« 

IBa-f ;Hf 2 OUC u (IS) ftfCflfitriO/hStr^ 

«tt#«tt*m-e»« * nx ii -a „ 

[0 0 6 6] £biC. B«tBa-r;l/)12 0«#'J< 3 
fcttl/^X h#WTM^nfci»g!l2 1 CfflSft, ffi 

[0 0 6 7] B5!B±gfl3 7Ji4 2 tt. IttWCi^T 
Jg/&£*iT^-5„ ^fcEllfc^-rjc^lc, ±SBaT/f4 30 
2©jaW4 2au. ¥r-y?mi 8£fl-bTTS&37 
115 fC^JnJ LTiJ 0 . $e(Cft?ga±^nTB4 2©S 
SggB4 2 bte, 1 5 iC^WfcS^^tlfc^ 

[0 0 6 8] H 1 H*-r5tE»«Ttt. iififBiSBnrjf 4 
2«. 2 2 ©±fflK. ftJtf&ftMHOtfJ&SS 

2 2(Dit&tnp J;0 feS<§9W5. C©«t-5{C«H8 
tt!2 2±ICjl5Jtffiln;B4 O^tStt-SCiiT. GftBtt 

-5 £<hT. OWfft, StfNLTSitt 

[0 0 6 9] SfcH53BigitfitaS4 0O8tJ¥h 3 1 

0 <Dm±mmit. ±gsn 7142 roi&jf j^T-e^-a z. t. 
wffti/i*. ^fcwiBSiteta® 4 0 t&m&m 2 2 1 

©W»SSU^t)#fc»^Rff»J. 1. 5/imFi±5. 
O/xmeATTab-SCt^ifSL^., 50 
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[oo7o] *mnxiz, ±m<D£oizmit&mm4 o 

itti2 2 t©tt^BUPS±ga©ttHl*J»CL. ^»<i:$ 
WtBi«ttStng*^^iPa)^JWTT^-rntf. + 

[0071] £fz*mwxi,*Mmmttig.mm 4 o <Dit& 

*5jffiieiifJfclg*xJi4 0 £ UT^fflpJ^^JKtt^^tCOti 
[0 0 7 2] ifcHl tc^-r=b^tc. iurfBiiJifcJgtnJf 4 

o-kttt, &mm4 ltfimfzti. mmmtt&mm4 o 

<£>*HteHufBfiMIISl4 1 fC«fcoTffi^nfc«JitC^:oT 

[0 0 7 3] CWJ;'5{cWIB«ti^4 1 ^sSW-SJiSi 
tt. HtlgBi^ltfitaB 4 0 6 tS«W, 

iiW^fli^^O, C©fc«6H5ifBiSltffitrie4 OIC^O: 

114 1 NiFe^t, Ni, N i Pf iEffiffl 

[0 0 7 4] Sfc^BJJTtt, M$E&m&im2 2CD&fP 
IfMB s teM$ZmttiS.tnm 4 0 <D&famJ&®&B s 

[0 0 7 5] dcaj^f;:. S&JtJgJriJl 4 0 i 0 fcDcfiStt 
12 2»^f0fig^SB s SriBK-f^CtT. 

2 0*67137115 Stf-hg&S 714 2 n 

T. iSt^fP^SSB s ^W-r§-hg|5nTB4 2 <hT 

m^rm i 5t©F B iT. iBem^*%^b^-r<^-5 <> 

[0 0 7 6] LTMIBJiSErn 714 2&tfTgBn7jl 
15H 3rXV?m 1 8tC^(P]LT^fi£$tlT^-5fc 

WIB±aKn7B4 2 iTS53 7B 1 5r B lT^-r-2) 
ESBJMl. ^•vT'iagKcSi+U fB^#)§?Hg£ft± 

&«imztiz>„ 

[0 0 7 7] -CDHiS0<IT-«TgK3 7Hl 5tt. H-Jf 
XWf8LZtlX^Z>. mllBTgfnTSl 5«, fltl^bfcJ; 

[0078] iig^— ;wHmea. ataffittsssais^i 

3 -eff±$tifciBam^-cD y -r x^^M^tir^fc^tc^ 
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[0 0 7 9] HffSBTgBaTB 1 5©#gfc*MB««M*i: 

[0080] wz*mmiz&i?z>Tm^Tm i sms/ 

[0 0 8 1] (1) ST. ifcg£ttJf2 2 £SJ£]&&iJ|4 10 

TMStlSSg. iWiS&fi&ttJl 2 2©Feili. fl/TlB 
itSJ£tgtr[B4 OCDF eiiOfe^iltlWS l/K 
[0 0 8 2] cnic «fc 9 #;«BttJl 2 2 WfiafPJK^fl? B 

[0 0 8 3] £fcTSB:37Jf 1 5fetlttlt. milBi*: 

4 0 CF eliO fc^UCi))* S l/K 20 
[0 0 8 4] (2) ±SB3Tg4 2&^/*fcttT»3 

ri 1 5 zMf&.-rztfcm&m. mit&m.m4o<Do-t>'p 

fci&fifclt x , y^*H?%-e, 20^X^40. 60SY 
^80, &&b>t£8 6^x^9 2. 8^ySl4t* 

o. x + y= i o o tezm&&mttwmmm-cMf& 

[0 0 8 5] Nl-Fe-Nb^ 
fc*(cat,igaft^^B s £&g£ : t"'5>Ji8&:3TJf 4 

[0 0 8 6] fcfc'U*58WTftl, BfriaDc®14#^ftt, ffi 

[0 0 8 7] (3) ±gB3 7Jf 4 2Rtf/f:JfcteTgB:3 
7115 -StJcettS. K^KJt&SilB 40C5 40 

54>&<<hfclJf«. »J$5£j&*. CoxFe y NizT* 
£tl. L^fea^Jtx, y, z*t. RS%T. 0. 1^ 
xS15, 38^yS60. 4 0SzS62. x + y + 
z = 1 0 0 fc*H«£»fcTtt«tt#ire]|&£Sn* ZL 

[0 0 8 8] CcD«cfiStt«»tt, Ni-Fe-Nb&# 
*-5ti«Co-Fe^#tCtt^. igl^g&fcHKJti&SB s 

^Rfr-&±«3T)B4 2R^/SfcjaT«37IBl 5 50 
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[0 0 8 9] fc£L,*5Birett. ifflGtttt&tmtt. K 
^tafoam^gB s M>Stt 3_hg&n7lf 4 2RCJC/ 

[0 0 9 0] (4) ±S&3 7B4 2Rtf/£fcteTSB:3 
7W 1 5&P)5!c-r-5i)cettH. R^KJtetaB 4 0©^ 
SM<it)Hll fc&fiEiW. CoxFeyNijX 
w (fcfcV. TcmXit. Mo. Cr. Pd. B. I nfr 
t>M<,Xnti'Ptt< th l«ifcH2S«±«7c3R) 
Stl. L^fe^figltx. y. z. w#. SS%T. 0. 

1^x^15. 38^y^6 0, 40^z^62. 0. 

l^w^3. x + y + z +w= 1 0 OfS.zm&Zffifc.-r 

[0 0 9 1] Z\(D$kffi.?kmMZ. C o — N i ^r&fcfcfc^ 
TSS<^tU£Sip£WU SfcCo-N 1 - Feniti 
^©tS»fiS^^B s 4f LTfeO, fie^TWeWBtt 

SB st£>^£T3±gB3 7ll4 2&«/*fc»±T»3 
711 5 £**t4fttttit LTttffl SflTfeiH 

[0092] fc«b*5fi9iT?«, ttgatMttttimtiu iij 
^IS»UK*SB«B s *^<h-rs±apa7»i4 2 RtK/ 

[0 0 9 3] (5) ±gPn7B4 2ROC/SfcttTgBa 
7ll5 5M1-5MttI. &CWStfc«BtJi 4 0 0^3 
S'M<tiliil MlS^. N ixFe y T*$tl, 
bj^fcaajdcJfcx, y^Jg^%T. 10^x^70. 30 
SyS9 0. x + y= 1 0 0&S|l8&t«;fcT$tt8tt1* 

[0 0 9 4] ±ISffl^«BBrt-CfeSt. Ni 8 oFe 2 o^ 
& (Bs=»0. 9 5T. p=m2 0/iQ-cm) <t 0 
igV^fafiS*^«B s (=l»l. 3T) RZfit&ffip 

(=®5 0 nQ • cm) t^fbT&D. fi£oTH«fe«i:B 

^B s ^S<i:t-^JtgB=i7H4 2&0:/Sfc«Tge 

3711 5&mtittz>®.m&mtLTmmtstixb£^ 

U £>£Mi. S5fE^&®:<k<7)fci6(Cii5^tfceth:p^ 

[0095] ttetMB&irott. i« 

^Jtt£t»xpt&g£T£iSltJgtnJf 4 OtlTtl^n 

[0 0 9 6] (6) -hg5a7®4 2S.^/SfcttTSP3 
7H 1 5*^fi£-r^>t!cmtt«. Rtf Kitigtrill 4 0tf>5 
•fe^<t*)lH«. m^^*. Fe a MbOc (fcfc'U 
5t^Mtt. Hf. Zr. Ti. V. Nb. Ta. Cr. 



( 10 ) 



#Bf!200 1-0763 15 



17 

Mo. wa*eatfftfci«*;fctt2S«±©7c*) x^ 

£n. L^=bija/&ita, b, c«i. m^%X\ 5 0Sa 
^70, 5^b^30, 10^cg30, a + b + c = 

i o o»*w«**»&'r«t«tttf»r»issnsit*« 

[0 0 9 7] C©|lc«tt»Wtt. 

0 0-2X1 O^m Q • craagl^tKtfti:, 
Wtffitftp«#S^T*»Jfc»miI4 0£LTgflj£ft 10 

[0 0 9 8] (7) ±^7M4 2 fcfiTSBn 
7115*MT5tlftItt, Iftjfcita*, CoxZry 
NbiT^Stl. L^femtKJtx, y, z#. W=f-% 
X\ 1. 5Sy^l3, 6. 5Sz^l5. lg (y/ 
z) g2. 5. x + y + z = 10 0tt&Hff£ftft:-rK 

[0 0 9 9] C©«c«tt*T»tt. ttfrttjtt££B s tfjR 

tt£#bTU>S„ 20 
[0 10 0] (8) ±gB37JS4 2&^/*fc(iTgB3 
7il5S»)ST5«Btti(4. fiJ5fcSW». Co.Hf, 
Nb,TS$n, L^fcffllfeitx. y, zrt*. Jg^% 
T. i. 5Sy^l3. 6. 5Sz^l5, lg (y/ 
z) S2. 5. x+y+ z= 1 0 0i^-5H«*Slfc-r«C 

[0 10 1] C©ttKtt«»fi, CinSJtCflFftB s #tft 

[0102] (9) ±g|5nTB4 2S:Ot/$fc(iTgBa 30 
71 1 5 *»l«T*IIH8tteJBtt. «TtC^T#;fi8tt*m 

[0 10 3] F et. Hf, Zr, Ti, V. 

Nb. Ta, Cr, Mo. W^6I«ftfcliS&tt2 
«6U:©7C*M£, CtS^tU BtlftStUTtt. F 

Sr^fU £fttVT\*¥-i%i££kt!Lm&4 0 nmHTOffi 
iffl&ST&JS&Stl. SSfc. 7C»M»^t$&©¥i%i&JI 
&g£d. F e *±^tt^SSffl©¥^Iig^ 
D<hLT«^-IC, ^(Ditm (d/D) 0. 0 5^d 40 
/D^O. 4T$0, MfigSC«Fe x MyC z T*^n. 
mtfZftx, y. ztfiWL=f-%~n. 50^x^96, 2^y 
^30, 0. 5^zg25. x+y + z = 100451 

[0 10 4] jc*M£C©«fl;1&©«tHI;:J:oT, Fe 

2rtt*«««>T*a<, i»LtCo-Hf-Nb^M 
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0. Co-h f -Nb^*fcJf<T. i»ii:«nt^ 
[0 10 5] (10) ±g&3TJl4 2RZf/£tMT& 

[0106] F e Rtf/SfcteC o (DtcMT 

£. S i &tf/££teA 1 ©7cJiiX<i:, Ti. Zr. H 

f. v. Ta. mo. w*^atfnfcia*fc»i2«et 

±©7Cs?fM<b. CSC^/ifcttN©7C3gZi:. Cr. R 
e. Rh. Ni. Pd. Pt. AuA^llinfcliJ 
fctt2«£Ui<Z>7E*Q£££WU IMtbTIt F 
eW/SfcllCo&±i»i1-5S B 1ffit. tc^MCD 

n. set. 7c*M»^{t!»so:/*fc«^{fc!»»ipj^ 

S*BW¥^aeg*DtLT«-&Jc:. -g-©Jt*f3 (d/ 
D) j&t. 0. 05^d/D^0. 4T&D. Jaj&jttiT 
aX b M c ZdQeT*$tl. fflEEJta, b, c. d. e# 
0^b^25. l^cSlO, 5^d^l 
5. O^e^lO, a + b + c +d + e= 1 0 0fcZ>M 

[0 10 7] 7E*X£^rLT^-5fc<fc{c:. iWiSbfcF 
e-M-C-it&JzKilbitt&in.p (|ll20|iQ-cra) 
*fcW83Fe-M-C^«fcOfeWfttt- W 

mitmzotnx^z. 

[0108] (1 1) t^TMA 2Rtf/£fcttTSB 
3 7115*Wt5ftlftI(l £tTl:*tt«tt« 

[0 10 9] ^J&frWFe&tf/icfcteCocD^iT 
<h. Sit. A 1 £. Z r. H f , Nb. TaA^M 
tlfcia*fc(J2««±C07C^Mi. C&tf/^JfcfiN 
»7C^Zt. Cr. Ti. Mo. W. V. Re. Ru. 
Rh. Ni. Pd. Pt. Au^6StfnfclS*fctt 
2S«±©7C*Qi^*L. BHfWEtUTtt. tc*T 
*^5rfrS^55l*#|jScD^iea«l[g75«4 0 nm 
«~F£fc-5i»|giftfflfcr, 4>&< tfcS i fcSHfJA 1 

^TU mfiK^ttTaS i b A 1 cMdZ e QfT^£*l. fflf& 
it a. b. c. d. e. f&MTXX* 8Sb^l5, 
O^c^lO. l^d^lO. l^e^lO. O^fS 
15. a + b + c+d + e+ f=l 0 O&SHS&SjSiit 
T. 

[oiio] sitAi opg»*#*r-r*fc*»c. wa! 

Vtc T - X - M - X - J; r> fcffiMro*fi*H6£>h;* 

K «fc -5 BJgligte^fa _h-r 3 . 
[0 111] (1 2) ±g|53TB4 2&^/SrcHTgl5 
371 1 5JWt5D:HtIlt «j«5tj&». N i i-x 
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Fe x T^£ft, ¥J5!Saeiltt. 10 5AJWTT& 
0. Lrt*fcFeCDifflj£JtXtt, 6 0I1%*^9 0S1 

(Ra) tt2 5 AKTTft^CtTiWSb^. 

[0112] ccftitttffitt. t&mmj&mmB stum 

*Hc(Jfi<. 1. 50e (iMfy H) BUTT?* 
5. 

[0 113] (1 3) »ttffi*x®4 Ofct. mfiSiTC^tb 10 
TM<tfcNi, FeS^N^fU. L^fc^ifS 
S14Stt8 0 A«TT*0. $^>tCF e»ffifi£lt^3 0 

(Ra) ttl2 0AOTT*4CWWSLK 
[0 114] d©ttffiStt»»tt. #&/g7t*»N (g 
Jit) S^TU ±R*ttK«fcr>T»l58 3 ft &*C«tttm 
te> N i -Fe^tCit^iS^tfcetap^WU. 
SuSEN i -Fe^tHS«©»«*HcR^«a»«SE 
ffBs5:Wtl>. 20 

[0 115] (1 4) MittSttM* Ott, ffl(fc5£rt«N i 
xFeyNbit^n. L^fcS&fiEtfcx, y, z frlsC^ 
76^xS84. 8^yS15, 5SzS12> 

x + y + z = ioo tez>m&&ffirz-rmm&&&-v&tft 

[0 116] (15) ^ltfiRI4 0ll FeNiPg- 
MfcttFeN i PN^tMSnecMWSb 

[0117] ±ta (i4) (i 5) ofcmmmiz* n 

i -Fe£fcJ:Dfei«^J*fflft <>*#-*-*. 30 
[0 118] td^-e*»HJT-tt. JbgBaTIf 4 2»;tf 

fc (12) TStNi-Fe^TMm^l:, 

[0119] ffim/wxnm&m^Tnn.*virVfcN 

(R«%) £*#<LT*k -e-fticmoT. ^fnmms 
s 5:|6lJiSi±-5C<ii^-r#. B&tagfrftH&JfL^B s 

£«*-??l. 9Ta*tcS-C±#*-tt-«Ci:**"IffiTr* 40 

[0120] 3Ltz*mwmz. mm'visxnm&mwc 

CD¥^^»g^l 0 5AJWTfcU Lrt^Fe 
lt£, 6 0S1%^6 9 0II%tMT5Ct»S 
LH. j|ftiBftB&K«>MiBa4'<i^¥J3tt3 
(Ra) ^2 5AE(TTMnut*WSl^„ 
[0 12 1] /^X««*ffll»fc««^-y*ffiK«tft 
tf. ±t2Lfc&ftTN i - Fe^M^7«^C 
t«oI*gT»0, £©<k?fC^iffifl:3ftfciS£ll£WT-5> 50 
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Ni-Fe^t*nH fiSftKSfi^KB s £|6|±£1+ 
Rfr«Kttll9»fiyB*Hc*l. 50eJWTlC^ 
[0 12 2] i^ltSin:S4 0£. ±IHUfc (1 

[0 1 2 3] -r&ft^#fg?fj-ett. Fe-ftX Ni-f 

[0 12 4] C(D<fc^C«UK7C3RfC. #^Mtc3NT*-5 
n oe*) JtiSStpJ&«*<. 

[0 12 5] Sfc*589tt?tt, #(C^sa^-y+i@WpH 
(TKlgft©:) SMiEflsUT. *^*»j«aftifc*HB«:gS 
ClBWtp-CWfi^ (Ra) «/J\S<UTi5D. C 

ft^WfCfi. SflilB^-y^ip^pH^ 1. 8JKTtC 

[0 12 6] *&*!6W-Ctt, *v*i8<pfc:SSfill-r*ltt 

mysL/mmmttmtiLT. i?u>y7s> (ed 

A) . i^If 1/ > h 'J 7 5 > (DETA) , h'Jlf U 
>5rf-5>5> (TETA) . T?=-> (Ala), 
Miy;i/^5>K (G 1 u) fr£ l«$fc«:2«J£Ui£ 

[0 12 7] fc*sB 1 K*TSS!S«-ett. ±S63TS4 
2 «r^-T-5t)C«tt@ 2 2 RtfTSfn 7115 m^tl 
fc*— «Tf»riE*ftTt»-SAt. ifi&0>Jia<i«Jl£ftfcJ8 

(C^ftT&II<DJtigffip£ft±£it;fc9. 
•y^(CiGt)*< fconr. &Jg0>fifrft«£3£®gB s £|6]Jt 
$ itfz 0 -? -5 C £ AW S LI/ »„ 
[0 12 8] @2I1 **WR:**t*fl6©»Bt««^y 

[0 12 9] COtlflTttil £±SB37B4 2 CD 

-5. 

[0 13 0] 0 2(r*-rJ;5tC±gl5aTS4 2S^t 
*tt«fliJ12 2©TBn;:tt. Sltetn:B4 0»«»«Sft 

-c^s. HiifeiiiJtsfiiB4 o(Ditm.tnpums^mmm 

2 2roJtJgJnp<fcDfci^<&-s>T^3o 
[0 13 1] CWj;p{CicmttB2 2 (DTmizmtt&tfi 

-s. A^meffittsttM 4 o «>kj9«£bs vxitm 1 1? 
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[0132] £frz.<nmmwT'it> mmmmm2 2<d 
m#tm$L®&B s fttffijtstnfi 4 o <D&m«m®mB s 

[0133] !^*b 2 K*nsas«rtt. ^tyyil 

8 «&ffi*f&SB4£) tcfejS51tlgtn;)l4 Otf* 

gB»(CBflrlEiB5JtjgS^4 OA!fi$nTl>4l>^, IB 

v7ifim:*+3lt*C<fca<T#*j6TJfF 10 

[0 13 4] $fc±gC3Te4 2S;^/*fc«TgP3 7 
If 1 5 Sr^fiK-r^^figftdR^ifiSltettS 4 0 ©*f R 
±gBLfc (1) ~ (15) <D'Pfr<Z>M9l2tlZ>Z.t 

[0 13 5] 0311 TSBnTJf 1 5tCfc.StfcgSiB4 
[0136] S3 C^-T «t 3 fc, Tg&3 71 1 5 *JMK 

-r«*Bttii 4 3 »TE(ctt»jtein:i 4 o ti 20 

[0 13 7] Cl©J;-5»C«i:«ttS4 3K)Tffif;iSJtStt 

-5. ^*5mifE»tfcjgtn;S 4 0 ©fgJP^tcHI LTIJi 1 T 

[0 13 8] $fcCW3IJS«SJTii. itfflBi&SSttlf 4 3 0) 30 
ttftlttX&SB s tfHJtJ&ttH4 O0fiftOD|tft&B s 

[0139] *fe#:fiStt)i 4 3 <D±mzmiti8.tnm 4 0 
*KW"CbJ:^. £fc*L-±gBzi7Jl4 2 t^t-y^I 1 
8S^LTS1-i>fii («BHE?j£«tt) KiWIESSitjgta 
■ 4 0 6»t)iHCtA» 1 ^^-yyia^fCdcOIB^a^ 

[0140] $ fzHkm&m 4 3 CDTffitw^fiK$tlfci«lt 40 
fciKM* Ott, itMR'N^ h*h 10>->— ;UK«IH£L 

[0 14 1] WE->-^K«WI6tt, 1 

-5. 

[0142] mtt&tiim 4 0 0&SttttiBS*H££ LT 50 
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*0. dC0 2^w©:Sg«#tt^i6j±$-a:fe±T. Jtfitt 
[0 14 3] 04tt#*WK:m**te©*BI«a'\y K 

[0144] H 4 *$«fc tfB 5 IC^TWSMa y Ktt* 

fctt^ffiU'Xy K (MRA7h'hl ; 0 1 (0±tC 

[0 14 5] 04 £05 £^#^3 Ote. 

[0146] *^B^-ett0 4 £:tf0 5 tC^T «fc 5 (C. ffl 
IBifcfiBttjl 3 0 ±KU6IWf »T?»j«stifcjft|tJB 3 1 jflit 

M$nxi>5. ir8BlfilR4ma. a 1 o, ai 2 o 3 . 

S iO Zl T a 2 0 5 . TiO, A 1 N, A 1 S i N. T 
iN, S i N. Si 3N4, N i O. WO. WO3. B 
N. CrN©5VM<tfell^ei5;0. nfilEgfe^Jl 

3 in. mm-v&zMz&mteztiTMf&ztiT^z. 
[0147] *mwrit. mmmmm3 1 ten ibs<« 

#<h(D*f|SjE (ABSI) a>S/W h?jf6] (0^Y# 
(6]) (C*ntT. RJf^«S$Tt-j*-C^fiE^n/t«a5 3 1 a 

affile 3?m:t^ -5. 

[0 14 8] huI3?SSS3 1 att. WAtfRfctt-f ;f>x 
•y^>y (R I Effi) fCj;0»l«3n-5t)©T?*0. 
IB^B3 ltCJg5fiK£*l/t#fgB3 lall '>^<<ht)h 

&*5iffiIBh^'y^<l©Twte. 1. 0 MmJWTTJ^fiE 
^n^.C<h*s<ffSL<. iOffSKH 0. 7(imH 

[0149] m4Rzfim5izjjk-r£?iz> mmmmm3 

1 (c^fiESnfc*SB3 1 aOTftSBfCfi. ITIiUT, 

[0 15 0] ^fc@4ROt@5t*-rcfc^(C. r*g&3 1 

I3 3*t«i$nTW. Cffl^t7^l3 3ll. Ni 
P. Ni Pd, NiPt, NiRh, NiW. NiM 
o. Au, Pt, Rh, Pd, Ru. Crffl^^liJ 

[0151] zz\z®4Rz*m5iz7ik-rj:oiz. %imm 

S83 1 a^TJi-pT, ^t77*13 3C0±IC«. ±SB1K 

[0 15 2] *fc04tc^-TJ;5{c. B5rlB±gpmffiSB3 
4©i^<BiJ(C. H?IB±g|5fi8SgB 3 4©Sffi3 4 a^6. W 
»B*6^B3 1 <£>f&65 3 1 b(C75HtT. P^PSd^^tdK^ 
oT^-T^«f4®3 1 c*^*. b«IB^)13 liZBtfLZ 
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[0153] £e,fc#?gBjj-m. m4Rum5izm-r^ 

-5. 

[0 15 4] £fcH5K:jS-r«fc'5fc:. Jfiill:® 3 1 ©SgE 
3 1 a|*i»w»riE$nfc^^y^H3 3±tC, GftKfte 
©**|ijffiA^A-f h^TfSj (B^Yyjfa) fC-5g©|iS]B3 

(Gd) j&t£ttStl. ^©^©^©^'y-y'lIS 3 
±^<=>/W h«lC&H-r5*&&H3 liitcriHtTGd** 

13 711 5 H^l/v'X HJtoi'Wtl 

[0 15 5] Sfcl2l5t^-rJ;^{c. itI3l(;M 
3tlfcffigB3 1 aiOfcA-T hM£fitf£ffiGffittJB3 
l©±tcte. 3-Y;P®3 8 fimmVi \ZK5>->Ml$.lEtL 

xv^. S5(r*-rigi6g0ijTtt. m&n-Dvmz sum 
mm3 i<D±(zm&Mi&2tLx^z>fr. mtteDvmz 
8 tm&m3 iL<Dm\z. mmvrzGd^tbmmm3 1 

•hmtfi. 2 tlT H T <fc 
[0 15 6] ^^iCBtSgn-f ;kS3 8(D_h(ctt. iffifBn 

nx*50. z\<»m )vwmm3 svtvisx httn 

[o l 5 7] icfciasfcs-rjc^fc. ±^UAc**:fiSttg 
BK$n. iftfi&14J13 6©SSa§gB3 6 att. Sg2©TgBn 

7130 ±K««w^«*a$nT»**nTi>*. 

[0 15 8] *fc0 5{C^t-J;5lCvl<D*iieajTtt. M 

m^mnm3 6<DTmzit. iSit»stg4 o^^^n 

TV>3. Mia^JtSfixP4 0<DH:etn;p«. WI3 

14 0H tBtti3 6rtn^3 7B£ffi^T3ifcBStt 
H3 0±lC^r-y^®3 3£^LT*HSnr£&g (ass 
PfifcSttfc) (ctt^$txT*5f>-T. MaaSStfcffittW 4 0 

MGffiit&taJf 4 0 ©»JSW«, * v y :7iS#T©B»« 

ro«rtft^e-r, KGSffifttcicftftpjfle&i* 
[o i 5 9] Hfr^Ufccfc^tc. &ftiitti3 0, 3 6i; 

CgiLTMSnt^l.^ ittGtt&tt3 2. 3 4 
II StlttI3 0, 3 6Wt&fnm3i^B s cfc9t>K 

<r>ttsiBftfBftB s **rur»j«anfc. i^ti^Bs 

[0 16 0] CW<fcptCiSB sl^*t-v/ffi§i:tR(t 
[0161] £&H 5 CSIHIWCtt. HIM 3 1 IC 
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^BK^nfc«gB3 i a^zm?^mm^3 2, 3 4#:pe£ 

Ztl> Bffte?ta5 3 1 a<Dh5"y?mJjfa (&*cX?jfS]) 

[0 16 2] &&iWG±gM&ffi^3 4&tfTS&fiSffigB3 
2 (itSBsg) tt. JiGLfc (1) ~ (12) ©l^n 

[0163] tz&miRzfmsiz^-t^mm-Tsiii, tss 
10 mm^ 3 2 R«±aMtt«» 3 4 a*. f&Rji 3 1 izmons 

ftfc«g&3 1 artfC©^fiK$nT^-5^ M 
GT««««3 2Rtf_kaHB««3 4*«. HtrfB«g5 3 1 

_k f£ * Tii tfT Ssfifc 3 tlT 1/ > T fc Jc I 

[0 16 4] £/tTg&37lf 3 0«. «g&3 1 artfCtt 
J&jjJcStlTl^&na*, C©?f£g£3 1 artfC, itflGTSBa 
713 omLTMSnt^Tfe^S^^. 
20 [0 16 5] «±#3*U&*5BWfci3tt**«««'\«y 
KTtt. _hg&:]7ll<hTgBa7Jf ©3*>> ^fc<<hfc — 

[0 16 6] E»H««C»«±»-r*ittC«fcO»^"r* 

t^^sragttWBBBa^ ■> m swat-* c t^orfgtc^ 
[0167] t-fc+jswrn, ttBttmiittMtj&ft 

30 HJ;*3 feiSV>fia»e*mKB s &f UTl^Ct/iWS 
G««*S**S-&T. G*»ilWiB*iai±S-li-*Clt*« 

[0 16 8] ifcilTB. ±gPaTS4 2©#:mttB 

2 2©±. 0 2T«_hgBnT)i4 2©fcmttB2 2© 
T. 03 Tf 714 2 (Dfcffi&m 2 2 © -LtTSB 

3 7)11 5©#:ei4S4 3©T. 0 5T«±g63 7S© 

ftitti3 6©T{c^-n^-*niSJt«tn;B4 o^tst^n 

40 T^S35i, mrG»itStn;B4 0H. fS|^«±g5n7g© 
ttfiSttB© -LT&tfTg|$=i 7^©Dc®tt S©±T©B3f@ 
mtcKtt'=.tlTt>^<. ttlctfl5Gi«ltffi*x@4 0©ffiJ 

[0 16 9] 

©. OW (t-/\'-7-f h) PW5 0Hft, RZf 

[0 17 0] HIMtl/trolIffiaA.v F©<t8jitt, 

50 Ti&3rm$:Bf&-tz>®:m&m<D±.mRzf-T^7mz: 
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-s. mmm&m. »twstkffi*t»tt. ±tn i - f e 

^TMStlTt^At, &«ttI©Felli. Mtt 
J£JnJI©F eatcJ£^T;*:i*<&oTi5D. dtifcfc 

[0171] j&^w^mc^-rswfcugisftsnfc 

S-^fiSttBweSftlfig^gB s (J. 1. 

0. iSJtJgJnJfWtSfni&iKSKB sill. OTf§S-e& 

oit. 10 

[0172] ifc. vc.mmtvTomwmn.'w k©« 

ivffc. £T©|JrJ8te/f ti. Ni-Fe&4TffiE$n 

SftfcN i - F e^&CDF e»ti. fe'S-SCNi-F 
e^&©F efif'tfc^T^^teoT&O, CtttCdc 

&<Dlj1fi. f&TjCDN i -Fe^fefCjt'*. «a«H8*^ffi 
B stfm<£tlX^Z>. 20 

[0173] ^^Y^^tc^rsi-rsfflit^snfc 
n i -f e&&<Dmmmm&mB s «. i. 6-rigST 

ffi*©N i - F e MffliftlSSf SB s « 1 . 

l§lomm^*B sti. 1. 4W1. 6TMT*o 
fc. 

[0 17 4] S6(l gB^IIStirOW 

[0175] te&ovmitomfcvkt. mmm-zmmm 

^©ffi^ffiJcJt-cT. <t*ft< 6lr»T35«ofc3j»*d B-eW 
[0 17 6] 06(C^TJ;5(C, *JSMCD«^-fcJt^ 

[0 17 7] U^UH6fc*-r«fc5t:. *J60iJ©#li8i 
^fi8«^\>y K(C*5tt-50W#i4ro^M(cit^T. 5. 40 

[0 17 8] @7tt. ?Ha*«i:PW5 0#tt£©|18# 
^t^77T*5. PW5 0#tttlt ffl3:ff±jSE^ 
© J Ht«**J£Uifc'&©T»D. C©¥«<SWVhSW-ft 
tag^fig^lfi] ± L T ^ * C t * jjt»-r 

[0 17 9] i7l;Sti9l:. ^JgffOjVKtt&^y 
I 4 ©***. tttt^KOWRe^y H©*^JC]t^. ¥tt 50 
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*ISr/jN$<T€. PW5 0 4#f4£[6j±$-fr5c:<t:7j<T?€r 

[0 18 0118H l2»««fEtNLTS1#ttit<OH« 
^ty7 7T*5. NLTSMtl IBM (fcfe) #f 
W«Ufc5^iBSJB«Ejfe*ffl^Tj!l«Ufc. h9b B N L T S 

[0181] sstc^-rct^fc. mmm<Dwm.m.^v 

H©**«. Jt««©»l««a'Sy Kl:tfc-CTNLTS# 
ttSrlfili^ii-^ £ft^-2>. 
[0 18 2] Kl±(D£olZ. 0 6^L18 5#ILT 

SUa 7J1 £^fi^r£$tt81f JI©±S;S.trF8fl:3 711 £J£ 

"sy K©#;**. lUMoiimXA? K. Tteftts. T 
SKnTJBS^JiTJgjacU. ±8S3 7JMI£2JB(CU ffiS 

tf N L T S»tt*|^I±S*SC 5 tfc^S. 

[0 18 3] 

ttit. ifria*ic«ttJl©±ffi;fttf/i:fcttT®fc:. stria 

[0 18 4] mCiO, E»B»»i)«±fft4i:i:i: 

[0 18 5] *jfc, iim*8ttJI©fl&iMB3|E$&B s 
Sr. &JtStali©gS*[HKjjE^a?B s «fcD T-SCt 

Kfe*. H©fc«&*36iJliKJ:ftK. 4«©WlE«!raMfc 

[0 18 6] Sfcafcfsgmi. HwB«ifcj£taJf Fe 
N i -f r4->Sr*-r*^y+jS4 J IC. 75y«t 
IW-l^ilLT, «J«7C*K:*«:<t"bFe. Nil 

fccte<5. 

[0 18 7] SeC*5SMTIt WEJh*3 7SI*.5V> 
KlTaf:i7Ji©0«KttJi£. Ml-Fet4t»*T4 

tlC^O. fflet!tBtt«©ttinm&a^s€ffl±S-t* 
«££*(lirfl£-?*S. 
[@B©ffi¥teSi^] 

[B i ] *«w©^«»*©«a**-r»Bia«'\y k 
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[02] ^m<nm(Dnmmm<om^mrmmmm.^ 
[04] ^wwffiro^jg^sgwwia^^-r*!!^^ 

[0 5] H4k:*-r5-5lilA»6WWLfc»il««'\y 

[0 6] mmm<Dmmm%^.-y \* ttt&moBmm^ 
[07] *si«<z)«^fis»'\-y HtJtuiiWoDjiBtaa^ 

[0 8] £ffiffl0*MnBac\y K&HMoffKBft's 



[09] sesErosfKKm^^ H©#iji**-ra«-wrffi 
0. 

[*F<*©K!P1] 

i i t«>"-;h*jb 

12 TSP^^-y^g 

1 3 ^mffitn^**^ 
14 ±«^w^Ji 
15 

18.33 *f^i 
19. 21. 31 Jfe&iJf 

2 0.3 8 n-fJI/g 

22. 3 0. 3 6 &m&m 

3 2 TgB®ffigB (SBsI) 

3 4 ±SH8«S (BBsI) 

4 0 ^itt&tnM 
4 1 ftKIR 

4 2 ±g&n;7IS 



[01] 



ttlSfB 
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mz 



42 




®&*m <mA) CmA) 



( 17 ) 



t$Hfl 2001-076315 



(E34 ] 



04 




